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Prospective Study of Calcium, Potassium, and Magnesium 
Intake and Risk of Stroke in Women 

Hiroyasu Iso, MD; Meir J. Stampfer, MD; JoAnn E, Manson, MD; Kathryn Rexrode, MD; 
Charles H. Hennekens, MD; Graham A. Coklitz, MBBS; Frank E. Speizer, MD; Walter C. Willett, MD 

Background and Purpose- High intakes of calcium, potassium, and magnesium have been hypothesized to reduce risks 
of cardiovascular disease, but only a few prospective studies have examined intakes of these cations in relation to risk 
of stroke. 

Methods-In 1980, 85 764 women in the Nurses’ Health Study cohort, aged 34 to 59 years and free of diagnosed 
cardiovascular disease and cancer, completed dietary questionnaires from which we calculated intakes of calcium, 
potassium, and magnesium. By 1994, after 1.16 million person-years of follow-up, 690 incident strokes (129 
subarachnoid hemorrhages, 74 intraparenchymal hemorrhages, 386 ischemic strokes, and 101 strokes of undetermined 
type) had been documented. 

Results-Intakes of calcium, potassium, and magnesium were each inversely associated with age- and smoking-adjusted 
relative risks of ischemic stroke, excluding embolic infarction of nonatherogenic origin (n=347). Adjustment for other 
cardiovascular risk factors, including history of hypertension, attenuated these associations, particularly for magnesium 
intake. In a multivariate analysis, women in the highest quintile of calcium intake had an adjusted relative risk of 
ischemic stroke of 0.69 (95% CI, 0.50 to 0.95; P for trend=O.O3) compared with those in the lowest. quintile; for 
potassium intake the corresponding relative risk was 0.72 (95% CI, 0.51 to 1.01; P for trend=O.lO). Further 
simultaneous adjustment for calcium and potassium intake suggested an independent association for calcium intake. The 
association of risk with calcium intake did not appear to be log linear; the increase in risk was limited to the lowest 
quintile of intake, and intakes >~600 mg/d did not appear to reduce risk of stroke further. The inverse association with 
calcium intake was stronger for dairy than for nondairy calcium intake. Intakes of calcium, potassium, and magnesium 
were not related to risk of other stroke subtypes. 

ConcZusZons-Low calcium intake, and perhaps low potassium intake, may contribute to increased risk of ischemic stroke 
in middle-aged American women. It remains possible that women in the lowest quintile of calcium intake had unknown 
characteristics that made them susceptible to ischemic stroke. (Stroke. 1999;30:1772-1779.) 
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I n observational studies, intakes of calcium,1*2 potassium,3 Japanese-American men.*O An inverse relation between po- 
and magnesium2*4J have been inversely associated with n 

blood pressure or risk of hypertension; clinical trial@-lo have 
tended to find that potassium had the strongest hypotcnsive 
effects. High intake of these cations may prevent stroke 

tassium intake and stroke risk was reported from studies of 
American white men and women,21 Japanese-American 
men,= and US health professional men.23 We investigated the 
relation between intake of these cations and the incidence of 

because hypertension is a strong risk factor for stroke.l* 
Moreover, animal experiments suggest additional mecha- 
nisms for these cations in the prevention of stroke.12~** Stroke 
mortality in rats was reduced after supplementation with 
calcium19 and potassium, *6 but not with magnesium.18 Only a 
few prospective studies have addressed the relation between 
intake of these cations and risk of stroke, and data in women 
are spaxse.2rQ* An inverse relation between calcium intake 
and risk of ischemic stroke was reported from a study of 

stroke among US women followed prospectively for 14 years 
in the Nurses’ Health Study. 

Subjects and Methods 
The Nurses’ Health Study began in 1976, when 121700 female 
registered nurses (98% white) living in 11 states completed ques- 
tionnaires about lifestyle factors and medical history, including 
previous cardiovascular disease, cancer, diabetes, hypertension, and 
high serum cholesterol levels.% Every 2 years, follow-up question- 
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mires am sent to these women so that information can he updated 
and newly diagnosed major illnesses identified. 

Ascertainment of Diet 
In 1980, we collected data on usual dietary intake using a semiquan- 
titative food frequency questionnaire.~ For each food (61 items), a 
couui~only used unit or portion size was specified, and each woman 
was asked how often on average during the previous year she had 
consumed that amount. Nine responses were possible, ranging from 
“almost never” to “~6 times per day.” The average daily intake of 
nutrients was calculated by multiplying the frequency of consump- 
tion of each item by the nutrient content and totaling the nutrient 
intake for all food items. Nutrient intake was adjusted for total 
energy intake with the use of the residual approach.= The reproduc- 
ibility and validity of this questionnaire have been reported else- 
where.=“” In a validation study among 200 cohort participants 
conducted in 1986, the correlations between cation intake assessed 
by the expanded dietary questionnaire used in 1984,1986, and 1990 
and by two l-week diet records were 0.62 for calcium, 0.61 for 
potassium. and 0.76 for magnesium after within-person variation in 
the diet records was taken into account.2g 

A total of 98 462 women returned the 1980 dietary questionnaire. 
We excluded women who left 2 10 items blank, whose reported total 
food intakes were implausible, or who had a history of cancer 
(except nonmelanoma skin cancer), angina, myocardial infarction 
stroke, or other cardiovascular diseases; 86 368 women remained for 
the analyses. 

Ascertainment of Stroke 
Women who reported a nonfatal stroke on a follow-up questionnaire 
were asked for permission to review their medical records. The 
18.4% of nonfatal strokes for which confirmatory information was 
obtained by telephone or letter, but for which no medical records 
were available. were regarded as probable. Fatal strokes were 
initially ascertained by reports from relatives or postal authorities 
and a search of the National Death Indexm and were then docu- 
mented by medical records and death certificates. Mortality 
follow-up was >98% complemM The 22.3% of fatal strokes that 
were confkmed by telephone, letter, or death certificate, but for 
which no medical records were available, were regarded as probable. 
Medical records were reviewed by physicians blinded as to dietary 
and other risk factors. 

Strokes were confirmed by medical records according to the 
criteria of the National Survey of StrokeP1 which requires a 
constellation of neurological deficits of sudden or rapid onset lasting 
224 hours or until death; strokes were categorized as subarachnoid 
hemorrhages, intraparenchymal hemorrhages, ischemic strokes 
(thrombotic or embolic), or strokes of undetermined type. For 
embolic infarction, sources of emboli were recorded. Atherogenic 
origins of emboli included ulcerating atherosclerotic plaques in the 
carotid artery, mural thrombi associated with myocardial infarction, 
and embolic strokes as a consequence of surgery for coronary heart 
disease. Other sources of emholi, such as valvuhu heart disease and 
bacterial endocarditis. were regarded as nonatherogenic origin. Atrial 
fibrillation also was regarded as largely nonatherogenic origin 
because the major predisposition to nonvalvular atrial fibrillation is 
congestive heart failure rather than coronary di~ease.~* Strokes were 
regarded as incident if they occurred after the date of return of the 
1980 questionnaire but before June 1, 1994. only confiied and 
probable strokes were considered in the analyses for all stroke. For 
analyses of ischemic stroke and the other specific stroke types, only 
confirmed cases were considered. 

Statistical Analyses 
The analyses were hased on the incidence of stroke during 14 years 
of follow-up (1980-1994). For each woman, person-months of 
follow-up were allocated according to 1980 exposure variables and 
were updated according to information on biennial follow-up ques- 
tio~aires until,death or an end point (stroke) was reached or until 
May 31,19!X From the 1980 questionnaire, we used information on 

Ii 

the intake of calcium, potassium, magnesium, and ~3 polyunsatu- 
rated fatty acids and on regular exercise. We present results based on 
the 1980 dietary variables without updating because we were most 
interested in the long-term effects of intake of cations on risk of 
stroke. Updating of intakes of these nutrients using the 1984, 1986, 
and 1990 questionnaires yielded generally similar associations with 
risk of stroke. In the updated analyses, for example, the incidence of 
stroke during 1980-1984 was related to nutrient intakes reported on 
the 1980 questionuaire, and the incidence during 1984-1986 was 
related to nutrient intakes reported on the 1984 questionnaire. 

To examine the relation between use of cation supplements and 
risk of stroke, subsequent dietary questionnaires were used because 
information on these individual supplements was not available from 
the 1980 questionnaire; only multivitamin supplement use was taken 
into account to assess calcium intake in 1980. Data on use of calcium 
supplements. including dose, were available for 1982, 1984, 1986, 
and 1990. Data on magnesium supplement use (no data on dose) 
were obtained in 1984.1986. and 1990. For calcium and magnesium 
supplements, the information was updated in the primary analysis. 
Use of calcium supplements changed markedly during the follow-up 
(10% in 1982, 26% in 1984, 52% in 1986, and 35% in 1990). 
whereas magnesium supplement use did not (4% in 1984 and 1986 
and 3% in 1990). Information about potassium supplement use (no 
data on dose) was available only in 1986, and therefore this 
information was not updated. Analyses of calcium and magnesium 
supplementation using the 1986 data only were also conducted to be 
comparable to the analyses of potassium supplements. Height was 
ascertained in 1976. Data on usual aspirin use were undated in 1982, 
1984, and 1988, and those on alcohol intake were updated in 1984, 
1986, and 1990. Ail other exposure variables (ie. body mass index; 
menopausal status; postmenopausal hormone use; histories of hyper- 
tension, diabetes, and high cholesterol levels; and the use of 
multivitamins and vitamin E supplements) were updated on each 
follow-up questionnaire. 

The relative risk of stroke was defined as the incidence rate of 
stroke among women in various categories for intake of nutrients and 
foods divided by the corresponding rate among the women in the 
lowest category of intake. We calculated relative risks with 95% CIs. 
adjusted for age in 5-year categories and for smoking status in 5 
categories (never, former, current 1 to 14/d, current 15 to 24/d, and 
current 225/d), and tested for linear trend across the dietary 
categories using median variables of each dietary category. To adjust 
simultaneously for other cardiovascular risk factors, we used pooled 
logistic regression over the seven 2-year intervaIs.~3 In multivariate 
models, potassium and magnesium intakes were not entered into 
models simultaneously because these 2 variables were highly corre- 
lated (r=0.83). The correlations between calcium and potassium 
intake (r=0.55) and between calcium and magnesium intake 
(r=0.46) were more moderate. 

Results 
Among 85 764 women followed for 14 years, we documented 
@JO incident cases of stroke during 1 164 674 person-years of 
follow-up. Stroke cases consisted of 129 subarachnoid hem- 
orrhages, 74 intraparenchymal hemorrhages, 386 ischemic 
strokes, and 101 strokes of undetermined type. Calcium 
intake was positively associated with history of diabetes, 
vigorous exercise, use of multivitamin and vitamin E supple- 
ments, and intakes of ~3 polyunsaturated fatty acids and 
animal protein and was inversely associated with smoking, 
hypertension, and intakes of alcohol and saturated fat. Intakes 
of potassium and magnesium had associations with these 
variables similar to those for calcium intake, except for weak 
positive correlations with smoking (Table 1). 

Table 2 presents age- and smoking-adjusted risk of ische- 
mic stroke according to quintiles of calcium intake (including 
calcium from multivitamin supplements but not specific 
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TABLE 1. Bassline Charactwistb and Risk factors in a Cohort of 85 7W Woman in lss0, According to Intake of 
Calcium, Potassium, and Magnesium 

Calcium Potassium Magnesium 

bwel Intemwdiate Highast Lowest lntatmadiata Highest Luwast l&mediate Highest 

Mean age, y 
Womenwithpotantialrisk 
bldlcetors, %^ 

Cuventsmoking 

Hywtansion 

Diabetes 

Highchdaaterollavels 

Bodymasslndax r29kg/m2 

Currenthonnoneusa In 
pusbnenopausalwumen 

Vigorous exercieef 

Alcoholintake =25g/d 

Multivftaminuse 

VitaminEuss 

Aspirin usa rl/wk 

Highestqulntileufnutrientsz 

6eluraed fat 

~3p&watuM3dfattyacids 

Animal protein 

45.7 46.2 46.2 44.9 46.1 47.3 44.7 46.3 47.3 

33.6 27.2 25.9 28.7 28.6 30.5 26.9 28.5 30.8 

17.3 15.0 14.8 16.4 15.0 15.9 17.7 15.3 15.1 

1.9 2.0 2.8 1.6 2.0 2.6 1.7 2.2 2.4 

5.3 5.1 5.1 4.9 4.7 6.2 4.7 4.9 6.2 

14.2 13.4 13.9 15.9 129 13.4 16.9 13.2 12.0 

35.9 38.9 40.1 38.6 36.6 35.0 36.7 36.6 35.4 

37.9 45.8 46.3 36.4 44.5 52.3 37.0 44.1 52.7 

11.7 6.6 3.7 9.2 7.4 5.1 7.0 7.4 7.6 

26.6 33.4 42.3 29.4 34.0 36.3 28.9 34.2 36.8 

9.7 12.7 16.8 9.6 12.7 16.5 9.1 12.6 17.5 

39.6 40.8 38.7 39.4 40.8 39.4 39.6 41.1 39.3 

25.2 19.0 18.1 32.2 20.0 8.0 33.2 19.5 8.5 

12.9 19.3 27.0 5.9 16.5 41.1 6.9 17.0 38.2 

13.7 16.0 35.4 10.8 16.5 36.3 13.1 18.4 30.4 

'Age-adlusted bythe 5-yaaragacategofias uftheagedisbibutbn ufthe cuhuit ThewomenweredMdad into 5 gmupsforaachcationaccurding 
to quint& of dietary intake. "Luwe!#' denotestheflrstquintile, "in~nadhte"the third qulat&,aad Uhighs&n~fiW quint&. 

ISweat-pmduclngaxefciseatlaastunce awwk 

calcium supplements), dietary potassium, and dietary magne- 
sium intake. Calcium intake was inversely associated with 
risk of ischemic stroke, and the association was stronger 
when we excluded nonatherogenic embolic infarctions 
(n=39). A reduction in risk was found in the second quintile, 
and further small reductions were observed in higher quin- 
tiles, but there was no strong linear trend. There was no clear 
relation between calcium intake and risk of subarachuoid 
hemorrhage, but a suggestion of a decreased risk of intrapa- 
renchymal hemorrhage was noted. Intakes of potassium and 
magnesium were not related to risk of intraparenchymal 
hemorrhage or subarachnoid hemorrhage. 

Table 3 shows multivariate adjusted relative risks of 
ischemic stroke (excluding nonatherogenic embolic infarc- 
tions) according to quintile of calcium, potassium, and 
magnesium intakes. The inverse association between calcium 
intake remained statistically significant after adjustment for 
history of hypertension and after further adjustment for other 
cardiovascular risk factors. Further adjustment for potassium 
or magnesium intake attenuated the association slightly. The 
inverse association between potassium intake and risk was 
attenuated after adjustment for history of hypertension and 
other cardiovascular risk factors. Further adjustment for 
calcium intake, however, substantially attenuated the associ- 
ation, which was no longer statistically significant. The 
inverse association with magnesium intake also was no 
longer significant after adjustment for history of hyperten- 
sion. The trend for reduction in risk of intraparenchymal 
hemorrhage associated with calcium intake remained statis- 

tically nonsignificant after multivariate adjustment for car- 
diovascular risk factors; the multivariate relative risk in the 
highest versus lowest quintiles of calcium intake was 0.62 
(95% CI, 0.27 to 1.39; P for tmnd=O.ll). 

There was no clear dose-response association between 
calcium supplement use and stroke risk, but women who took 
supplements containing Z400 mg/d tended to have lower 
risk: the multivariate relative risk adjusted for age, smoking, 
other cardiovascular risk factors, and dietary calcium was 
0.88 (95% CI, 0.66 to 1.18; P=O.39) when we compared 
calcium supplement users with nonusers (updated informa- 
tion). The multivariate relative risk based on the 1986 data 
only was 0.75 (95% CI, 0.56 to 1.01; P=O.O5) for calcium 
supplement users compared with nonusers. Potassium supple- 
mentation was not associated with risk of ischemic stroke; the 
multivariate relative risk was 1.03 (95% CI, 0.63 to 1.68; 
P=O.91). We observed no reduction in risk of ischemic 
stroke among magnesium supplement users with or without 
updating of use; the multivariate relative risk was 1.47 (95% 
CI, 0.73 to 2.93; P=O.28) with updating and 1.46 (95% ‘CI, 
0.76 to 2.81; P--0.26) without updating. 

Dietary calcium intake (excluding multivitamin supple- 
ments) was also inversely associated with the risk of ischemic 
stroke (Table 4). The inverse association was stronger for 
dairy calcium than for nondairy calcium, but the CIs broadly 
overlapped. ‘Ihe age- and smoking-adjusted relative risk of 
ischemic stroke in the highest versus the lowest quintile was 
0.68 (95% CI, 0.50 to 0.94) for dairy calcium (P for 
trend=O.O5) and 0.82 (95% CI, 0.58 to 1.16) for nondairy 
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TABlE2. Age- and Smoking-Adjusted Relatlve Risk@596 Cl)of lschemlc Broke ln a Cahtiof857WWomen Followed During 
198o-1994,Accordlng~OuintileG~pfarCalarie-Adjusted Calclum,~ssium,andMegnesiumlntakeln1980* 

No.ofcasesandRewfJRlskbyQuintlleofcatlonlnlake 

10 2 3 4 5 (High) PforTrend 

CWJlll 

Medlan,mg/d 

All mke 

Casas,n 

Relative risk (95% C9 

SubarachnoM hemorrhage 

Cases, n 

Relative risk(95% C9 
mraparenchymal hemorrhage 

Cases, n 

Relativs risk(95% 6)) 

lschemkslroke 

Cases, n 

Rektive risk(95% C9 
lschemic stroks excluding nonatherogenic 
emboikkrfarc6ont 

Cases, n 

ReMverisk(95%C9 

Pobissium 

Median,mg/d 

All stroke 

Cases, n 

Relative risk(95% Cl) 

Subarachnoid hemorrhage 

Cases, n 

Relative risk (95% Cl) 

lntmparenchymal hemorrhage 

Cases, n 

Relative risk(95% C9 
lschemic sboks 

cases, n 

Relative risk@?% C9 
lschemkstrokeexdudingronathe~enic 
embo)kinfambont 

Cws,n 

Relattve risk(9596 C9 
Magnesium 

Median, me/d 

All stroke 

Cases, n 

Relative tisk(95% C9 
Subarachnoidhemorrhags 

Cases, n 

Relattve risk(95% C9 
lntrapamnchymal hemOnhaQe 

Cases, n 

Relative risk(95% 66 

546 675 837 1145 395 

165 132 117 142 134 

1.0 0.79 (0.63-1.00) 0.71 (0.56-0.90) 0.67 (0.70-1.69) 0.83 (0.66-1.04) 

26 20 15 32 34 
1.0 0.72 (0.40-1.27) 0.58 (0.32-1.08) 1.20 (0.73-1.98) 1.33 (0.82-2.16) 

16 21 15 13 9 
1.0 1.32 (0.69-2.53) 0.93 (0.46-1.90) 0.80 (0.38-1.69) .0.56 (0.24-1.30) 

99 77 71 67 72 

1.0 0.76 (0.56-1.03) 0.72 (0.53497) 0.68 (0.50-6.93) 0.72 (0.53498) 

95 70 62 58 62 

1.0 0.72 (0.53-0.99) 0.66 (0.46-0.91) 0.62 (0.4W.66) 0.65 (0.47490) 

2617 2412 2708 

147 117 146 134 146 

1.0 0.75 (0.59495) 0.90 (0.72-1.14) 0.80 (0.63-1.01) 0.83 (0.66-1.04) 

31 22 21 24 _ 31 

1.0 0.70 (0.40-1.20) 0.84 (0.37-l .ll) 0.70 (0.41-1.21) 0.98 (0.59-1.56) 

14 10 18 16 16 

1.0 0.67 (0.30-1.53) 1.15 (0.57-2.32) 1.00 (0.49-2.05) 0.99 (0.49-2.02) 

87 64 82 74 79 
1.0 0.68 (0.49-0.94) 0.85 (0.63-1.15) 0.73 (0.53-1.60) 0.71 (0.52-0.96) 

61 58 74 66 68 
1.0 0.66 (0.47-0.93) 0.82 (0.66-1.13) 0.70 (0.50-0.97) 0.68 (0.47-0.91) 

211 254 287 323 381 

136 

1.0 

26 

1.0 

15 

1.0 

132 138 146 140 

0.89 (0.76-1.13) 0.86 (0.88-1.09) 0.91 (0.72-1.14) 0.80 (0.63-1.01) 

21 25 29 28 

0.78 (0.43-1.35) 0.86 (0.50-1.49) 0.98 (0.58-1.66) 0.92 (0.54-1.57) 

14 9 23 13 

0.86 (0.42-1.7.6) 0.49 (0.21-1.13) 1.33 (0.71-2.49) 0.64 (0.30-1.37) 0.76 

0.34 

0.03 - 

0.07 

0.04 

0.01 

0.19 

0.90 

0.81 

0.07 

0.03 

0.11 

0.90 



1776 Stroke September 1999 

TABLE 2. Continued 

No.ofCasesandFWiveRiskbvQuin6leofCationinfai@ 

/- 

ischemksfmke 

10 2 3 5Mh) 4 PforTrend 

&WJS,II 78 74 83 72 79 

Relative risk(95% Clj 1.0 0.85 (0.62-1.17) 0.90 (0.66-1.23) 0.75 (0.55-1.03) 0.74 (0.54-1.02) 0.06 

lschemkslrokeexcludlng nonatherogenlc 
embolkinfarctiont 

cases, n 73 64 74 64 72 

Relative rfsk(95% Cl) 1.0 0.79 (0.56-1.11) 0.65 (0.62-1.18) 0.72 (0.53-1.00) 0.73 (0.52-1.01) 0.06 

'Cakiumintakewases6matedfromdletandmulUvifaminsupplemenfs;potassiumand magnesiumintakewaseStimatedfmm dietonly. 
tEmbolici~duetonommlvularatrial6briilatlon,~larheartdlsease,cardiomyopathy,bacterialendocardtis,and~nonatherogenicembolicorigins . 

were excluded. 

calcium (P for trend=O.OS). Further adjustment for other 
cardiovascular risk factors attenuated the associations, but 
they continued to be stronger for dairy than for nondairy 
calcium. 

We further explored the relation between specific food 
sources of dairy calcium and the risk of ischemic stroke. We 
observed an inverse relation between yogurt intake and the 
age- and smoking-adjusted risk of ischemic srroke, the 
relative risk among women who ate yogurt 25 times per 
week compared with those who almost never ate it was 0.69 
(95% CI, 0.34 to 1.40, P for trend=O.O6). Similar inverse 
trends were seen for hard cheese (the relative risk compared 
with women who almost never ate it was 0.63 [95% CI, 0.40 
to 0.991 for women who ate cheese 21 times per day; P for 
trend=O.20), ice cream (0.70 [95% CH, 0.42 to 1.171 for 
women who ate 25 times per week; P for trend=0.14), and 

milk (0.74 [95% CI, 0.51 to l&i] for women who ate 22 
times per day; P for tnmd=O.44), but less so for cottage 
cheese (0.94 195% CI, 0.60 to 1.471 for women who ate 25 
times per week; P for trend-0.71). 

Diiussion 
We observed that intakes of calcium, potassium, and magne- 
shun were each inversely associated with the age- and 
smoking-adjusted risk of ischemic stroke, excluding embolic 
infarction of nonatherogenic origin. After adjustment for 
history of hypertension and other cardiovascular risk factors, 
the association with calcium remained statistically signifi- 
cant, and that with potassium was of borderline significance. 
Further simultaneous adjustment of calcium and potassium 
intake more strongly supported an independent association of 
ischemic stroke with calcium intake. 

TABLE 3. Multivariate Relative Risk (g5% Cl) of lachemic Stroke* in a Cohort of 85 764 Women Followed 
During 19804994, Accordhg to QuintHe Group for CalorbAdjuated Calcium, Potassium, and Magnesium 
Intake in 1980 

Adjusted Relative Risk by Quintile of Cation Intake 

10 2 3 4 5 (High) PforTrend 

Caklum 1.0 0.75 (0.55-l .03)t 0.68(0.49-0.94) 0.64 (0.46469) 0.69 (0.50495) 0.02 

1.0 0.76 (0.561.04)$ 0.69 (0.50496) 0.66 (0.47492) 0.69(0.50-0.96) 0.03 

1.0 0.76(0.57-1.07)§ 0.71 (0.51-1.00) 0.66 (0.47497) 0.72(0.49-1.05) 0.11 

1.0 0.76(0.55-1.05)11 0.69(0.49-0.96) 0.65 (0.46-0.93) 0.68 (0.47497) 0.05 

Potassium 1.0 0.69 (0.49-0.97)t 0.85 (0.62-1.16) 0.71 (0.52-0.99) 0.69 (0.50495) 0.04 

1.0 0.72(0.51-l.Ol)$ 0.90 (0.66-1.25) 0.75(0.54-1.05) O-72(0.51-1.01) 0.10 

1.0 0.76(0.55-1.10)n l.OS(O.7~1.44) 0.69(0.62-1.27) 0.67(0.58-1.30) 0.67 

Magnesium 1.0 0.83(0.5!H.l6)t 0.90(0.66-1.24) 0.75(0.54-1.05) 0.79(0.57-1.10) 0.15 

1.0 0.66(0.61-1.20)$ 0.94(0.68-1.31) o.ao(0.57-1.13) 0.84(0.60-1.19) 0.31 

1.0 0.93(0.661.31)11 l.O6(0.77-1.52) 0.95 (0.66-1.36) 1.04(0.71-1.52) 0.83 

*Embolkinfarctiondue~nnMwahrularatrialfibrillation,valvular heartdlsease,catWwwthy,bacteffal endoWdiiS,and other 
nonatherogenlc embolic origins were excluded. 

Mdjusted for age(5-year category), smoking status(5 ca@ories), time Interval, and a history of hypertension (ues vs no). 
$Adjusted forfactorscited above and for body mass Index@ categories), alcohol intake (4catego1fes), menopausal status and 

posbnenapausalhormoneuse,vlgorousexercise(yesvsno),usualaspirin use(cl/wk, l-2M, 3-M 7-14/wk and =lW,. 
muLiinuse(yesvsno),vitamln Euse(yesvsno), ~3fattyacldintake(qulnUle) and hlsloriesofdiabe@Sandhlghcholesterol 
levels (yes vs no). 

~justedforfactorscitedeboveandforpobwiumlntake. 
l/Adjustedforfactorscitedabove andformagneslumlntake. 
$Idjustedforfactorscitedaboveandforcaklumintake. 
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TABlE 4. Relative Risk (9S% C9 of lschsmic Woke* in a Cohwt of 85 764 Women Fobwed During 196lb1994, 
According to Gtdntlle Group for Calo~WM@ted Dairy and Nondairy Calcium Intake 

No.ofCasesandRefaflveRfskbyQulnfiieofCafbnlnfake 
- 

10 2 3 4 5 (High) PforTrend 

670 829 1128 

62 57 64 

0.68 (0.49495) 0.63 (0.45-6.66) 0.70 (0.51-6.97) 0.02 

0.04 

0.05 

0.06 

0.08 

0.25 

* Dlebuycafcium(wRhoufsuppfemenf) 

Median, @d 

cafes, n 

ReWverisk(95%Cgt 

393 

91 

1.0 

543 

73 

0.79 
(0.~1.06)t 

(0.6k?l3)$ 
Relafive risk(95% Cgt '1.0 0.73 (0.53-1.01) 0.67 (0.46494) 0.73 (0.53-1.01) 

DairycaM~m 

Medlan,gld 

Cases, n 

Relaffve rfsk(95% Cgt 

106 

190 

1.0 

244 

53 

0.55 
(0.404.Tl)t 

(O.E79)$ 

374 535 844 
76 53 65 

0.60 (0.59-1.06) 0.57 (0.4w.79) 0.68. (0.50494) 

Refatfve rfsk(95% Cf)S 1.0 0.83 (0.62-1.12) 0.59 (0.42-0.63) 0.70 (0.51-0.97) 

Nondahycaklum 

Median,g/d 

Cases, n 

Refafiverlsk(95%Cf)t 

199 

65 

1.0 

247 

64 

1.24 
(OS-1.71)t 

1.31 
(0,95-1.82)t 

264 324 391 

63 70 65 

0.89 (0.63-1.26) 0.95 (0.66-1.33) 0.62 (0.56-1.16) 

0.95 (0.67-1.35) 1.03 (0.73-1.45) 0.91 (0.64-1.29) Relative risk(95% C9$ 1.0 

~mbolkinfarctionduetonMIMhnrlaratrialflbrillatlon,vahnrlaratritilRkillation,vahrularheartdlsease,cardiomyopathy,bacterialendowrlitis,and 
ofhernonafherogenkembolkoriglnswereexcfuded. 

tAdiustedforage(5-~earcategories),smoWngs$tus(5categwies),andUmei~~. 
zjMjusfedforfactorsched above andforbodymasslndex(5mtegwies),alcohdlntake(4categories),menopausalstatusandpostmenopausal 

honnoneuse,vigonwwexerdse(yesvsno),usualaspirinuse(~l/wkl-~5-~7-l~and;r15/w10,mu~lnusa(yesvsno),vltamin 
E use (yes vs no), ~3 fahy acid Wake (quinfile), and histories of hyperfensfon,dfabefes, and high chdestemllevels (yes vs no). 

A prospective study of Japanese Americans living in 
Honolulu, Hawaii, showed an inverse relation between cal- 
cium intake and risk of ischemic stroke,?0 an association 
restricted to dairy calcium intake and specifically to milk 0 
consumption. Jn our study, however, the inverse association 
with dairy calcium intake was not restricted to milk but was 
also observed for yogurt, hand cheese, and ice cream. This 
discrepancy is not surprising because milk is a dominant 
source of dairy calcium for Japanese Americans, but in the 
present study population, milk accounted for -60% of dairy 
calcium, and yogurt, cheese, and ice cream accounted for 
-40%. Median intake of calcium was 406 mgld for the 
Japanese-American menu’ and 675 mg/d for our population of 
women, with dairy calcium accounting for most of the 
difference between the 2 populations. 

The present study also suggested an inverse association 
between nondairy calcium intake and risk of ischemic stroke, 
although the relation was not as strong as for dairy calcium, 
perhaps in part because of the smaller range of calcium intake 
from nondairy (a 3-fold difference in medians of extreme 
quintiles) compared with dairy foods (a IO-fold difference) 
(Table 4). The weaker association may also be due to lower 
bioavailability of nondairy calcium than dairy calcium.” The 
relation between calcium supplements and reduced risk of 
ischemic stroke was stronger when the variable of calcium 

supplementation was not updated suggesting a long-term 
protective effect of calcium supplementation on ischemic 
stroke. These results suggest that calcium intake per se may 
reduce risk of ischemic stroke. 

The mechanisms by which calcium intake could reduce 
risk of ischemic stroke are not well elucidated. A recent 
me&analysis of randomized clinical trials concludes that 
calcium supplementation may slightly reduce systolic blood 
pressure, by -0.9 to - 1.3 mm Hg, but not diastolic blood 
pres~ure.~,7 In the Nurses’ Health Study,* dietary calcium 
estimated from the 1980 dietary questiommire had an inde- 
pendent and significant inverse association with risk of 
development of hypertension during 1980-1984. However, 
the analysis of dietary calcium and risk of hypertension 
during 1984-1988 using the 1984 dietary questionnaire did 
not yield a significant association.*9 These results suggest that 
a hypotensive effect of calcium intake, if any, is small and 
unlikely to explain any substantial part of the inverse relation 
between calcium intake and risk of ischemic stroke. This 
interpretation is supported by our finding that the inverse 
association was onIy slightly attenuated in multivariate anal- 
yses after adjustment for history of hypertension. In addition 
to a hypotensive effect, increased calcium intake reduced 
platelet aggregation in animaJ and human studies,35* provid- 
ing another mechanism that may lead to reduction of risk of 
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ischemic stroke. In animal st~die~33-37 and human t&b of 
hypemholesterolernic persons,J*~9 calcium supplementation 
has reduced serum total cholesterol, which may also contrib- 
ute to reduce the risk of ischemic stroke.q 

Dietary potassium intake also was associated with reduced 
risk * of ischemic stroke, but the relation was far from 
statistically significant after simultaneous adjustment for 
calcium intake. However, we cannot rule out a modest 
independent effect of dietary potassium on risk. We found no 
association between potassium supplement use and risk of 
ischemic stroke. A meta-analysis of randomized clinical trials 
found that potassium supplementation reduces both systolic 
(-5.9 mm Hg) and diastolic blood pressure (-3.4 mm Hg).* 
Hypertensive rats given a high-potassium diet had decreased 
vascular smooth muscle cell proliferation that may contribute 
to a reduced risk of stroke.16 A prospective study of American 
white men and women showed a significant inverse associa- 
tion between potassium intake and stroke-associated mortal- 
ity.21 However, the number of end points was small (n&N) 
and relied solely on the death certificate diagnoses, which did 
not allow analyses of specific stroke subtype. A study of 
Japanese persons living in Honolulu showed an inverse 
association between potassium intake and risk of fatal ische- 
mic stroke (n=33), but not of nonfatal ischemic stroke 
(n=221).*2 A recent study of US health professional men 
indicated an inverse association between potassium intake 
and risk of all stroke and ischemic stroke, particularly among 
hypertensive men.= 

As in the study of US men,= in the present study we found 
no independent association between magnesium intake and 
risk of stroke, but we cannot exclude a modest effect of this 
cation on risk of ischemic stroke. A weak inverse trend was 
found in the age- and smoking-adjusted analysis. Attenuation 
of the association after further adjustment for history of 
hypertension was consistent with the finding that magnesium 
intake was associated with reduced risk of development of 
hypertension in this cohort.2 Several randomized trials have 
tested whether magnesium supplementation reduces blood 
pressure, but the results have been inconsistent.3.9.10 

In conclusion, dietary intake of calcium was inversely 
associated with risk of ischemic stroke in middle-aged Amer- 
ican women. The shape of this inverse association was not log 
linear; the increase in risk was limited to the lowest quintile 
of intake, and intakes B-600 mg/d did not appear to reduce 
risk of stroke further. Although the mechanisms to account 
for this relation are not clear, the present study suggests that 
avoiding low intakes of calcium and possibly potassium may 
be beneficial for prevention of ischemic stroke. However, it 
also remains possible that women in the lowest quintile of 
calcium intake had unknown characteristics that made them 
susceptible to ischemic stroke. Further studies of intake of 
cations and risk of stroke ate warranted. 
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I 

N SEVER4L ARTICLES, NUTRIENTS IN 

fruit and vegetables such as di- 
etary fiber, potassium, and antioxi- 
dams have been associated with re- 

duced risk of cardiovascular disease 
(CVD).L-5 However, the data directly 
relating fruit and vegetable intake and 
CV’D are sparse, as summarized in a re- 
cent review,6 and the results of studies 
that specifically examined fruit and 
vegetables as a group were inconsis- 
tent.J Furthermore. many studies were 
small with few end points, dietary as- 
sessments were often crude and avail- 
able only at baseline, and the distinc- 
tion was often not made between 
hemorrhagic and ischemic strokes, 
which have different causes. To under- 
stand better the relationship between 
diet and stroke, we examined intakes 
of specific fruits and vegetables, as well 
as overall fruit and vegetable consump- 
tion, in relation to the incidence of is- 
chemic stroke in 2 large cohorts of 
women and men. 

METHODS 
Study Populations 

Data for this analysis were derived from 
2 ongoing cohorts, the Nurses’ Health 

See also Patient Page. 

Context Few studies have evaluated the relationship between fruit and vegetable 
intake and cardiovascular disease. 

Objective To examine the associations between fruit and vegetable intake and is- 
chemic stroke. 

Design, Setting, and Subjects Prospective cohort s&diei:including 75 596 women 
aged 34 to 59 years in the Nurses’ Health Study with 14 years of follow-up (1980- 
1994). and 38 683 men aged 40 to 75 years in the Health Professionals’ Follow-up 
Study with 8 years of follow-up (1986-1994). All individuals were free of cardiovas- 
cular disease, cancer, and diabetes at baseline. 

Main Outcome Measure incidence of ischemic stroke by quintile of fruit and veg- 
etable intake. 

Results A total of 366 women and 204 men had an ischemic stroke. After control- 
ling for standard cardiovascular risk factors, persons in the highest quintile of fruit and 
vegetable intake (median of 5.1 servings per day among men and 5.8 servings per 
day among women) had a relative risk (RR) of 0.69 (95% confidence interval [Cl], 
0.52-0.92) compared with those in the lowest quintile. An increment of 1 serving per 
day of fruits or vegetables was associated with a 6% lower risk of ischemic stroke (RR, 
0.94; 95 % Cl, 0.90-0.99; P = .Ol , test for trend). Cruciferous vegetables (RR, 0.68 for 
an increment of 1 serving per day; 95% Cl, 0.49-0.94), green leafy vegetables (RR, 
0.79; 95% Cl, 0.62- 0.99), citrus fruit including juice (RR. 0.81; 95% Cl, 0.68-0.961, 
and citrus fruit juice (RR, 0.75; 95% Cl, 0.61-0.93) contributed most to the apparent 
protective effect of total fruits and vegetables. Legumes or potatoes were not asso- 
ciated with lower ischemic stroke risk. The multivariate pooled RR for total stroke WBS 

0.96 (95% Cl, 0.93-I .OO) for each increment of 2 servings per day. 

Conclusions These data support a protective relationship between consumption of 
fruit and vegetables-particularly cruciferous and green leafy vegetables and citrus 
fruit and juice-and ischemic stroke risk. 
IAMA. 1999;282:1233-1239 www.jama.cam 

Study (NHS)’ and the Health Profession- Population for Analysis 

als’ Follow-up Study (HPFS).’ The 2 After 4 mailings, 98462 women re- 
studies are similar in design; participants turned the 1980 NHS dietary question- 
in both cohorts have been completing 
mailed questionnaires every 2 years to 
provide information on medical history, 
health behaviors, and the occurrence of 
cardiovascular and other outcomes. The 
NHS enrolled 121700 female registered 
nurses aged 30 to 55 years in 1976. 

The HPFS study population is com- 
posed of 51529 male health profession- 
als including dentists, veterinarians, 
pharmacists, optometrists, osteopathic 
physicians, and podiatrists who were 40 
to 75 years of age in 1986. 
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Manson). Department of Medicine. Brigham and Worn- 
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naire. We excluded those with 10 or 
more items blank, those with implau- 
sible scores for total food intake (<2092 . 
kJ/d or > 14 644 kJ/d) (n = 5994), and 
those with previously diagnosed can- 
cer, diabetes, or CVDs (n = 7254). 
Among the men, we excluded 6442 par- 
ticipants who reported CVD, cancer, or 
diabetes prior to the follow-up period. 
We further excluded 1349 men who re- 
ported daily energy intake outside the 
plausible range of 3360 to 17 640 kJ/d 
or who left 70 or more of the 131 di- 
etary questions blank. More than 90% 
of the baseline population, on aver- 
age, responded to at least 1 follow-up 
questionnaire, and about 80% com- 

pleted each of the repeated dietary ques- 
tionnaires during follow-up in these co- 
horts. The total number of subjects 
included in this analysis were 75 596 
women and 38 683 men (TABLE 1). 

Assessment of Stroke End Points 

Participants (or next of kin for the 
deceased) reporting an incident stroke 
on a follow-up questionnaire were asked 
permission to have their medical records 
reviewed. Using these records, includ- 
ing imaging results recommended by 
the National Survey of Stroke,8 we sub-- 
classified the strokes into ischemic 
(embolic or thrombotic), hemorrha- 
gic (subarachnoid or intracerebral), or 

unknown type. Cases attributed to 
infections or malignant processes or 
cases of indeterminate age discovered 
on computed tomographic or mag- 
netic resonancing imaging scans with- 
out acute symptoms were not included. 
Physicians reviewing the medical 
records were unaware of. the partici-. 
pants’ dietary status. Deaths were 
reported by next of kin or coworketi 
or were obtained from postal authori~ 
ties or from the N@onal Death &iex. 
Only strokes confirmed by me&” 

WrXwere included in this a&$% 
We considered nonresponders wh& 

>ere not listed on the National Death 
Index as noncases. 

Table 1. Description of Age-Standardized Cardiovascular Risk Factors by B&eiinehuintiles of Fruit and Vegetable Intake Among 75 596 ” ^’ 
Women and 38 683 Men’ 

Fruit Quintiles Vegetable Quintiies 
r I I 1 

1 3 5 1 3 5 

Women 
_- 

Servings per day 0.9 2.3 4.5 1.6 3.3 6.2 
Age. Y 44.6 46.2 47.4 45.5 45.9 47.0 

Current smoker, % 42.8 25.9 19.8 32.1 28.5 25.5 
Current estrogen replacement, %t 6.3 6.7 7.1 6.9 6.6 6.8 

Regulsr vigorous activity, % 34.2 46.2 54.2 37.9 44.0 53.5 
Sody mass index, kg/m2 24.2 24.3 24.3 24.2 24.3 24.4 

History at baseline, 96 
Hypertension 13.2 14.8 17.1 14.2 15.1 15.s 

High cholesterol level 5.1 4.7 5.4 4.4 4.9 5.7 
Parents’ coronsw heart disease history 20.0 20.5 20.3 19.4 20.0 21.2 

Multivitamrn supplement use. % 

Saturated fat. g/d 

Cereal fiber, g/d 

Setvings per day 

Age, Y 

Current smoker, % 

Physical activity, metabolic equivalent/wk~ 

Scdy mass index, kg/m* 

27.6 34.5 38.7 30.8 33.0 37.: 

26.7 27.3 28.7 24.7 27.6 29.1 
2.3 2.7 2.9 2.4 2.7 2.1 

Men 
0.7 2.1 4.3 1.4 2.8 5.' 

51.5 54.1 55.2 53.0 53.7 54.l 
16.4 8.6 4.9 13.0 10.0 7.1 
14.1 19.7 26.5 16.0 19.2 24s 

25.7 25.4 25.2 25.5 25.4 2% 

History at baseline, % _-. 
Hypertension 19.3 19.3 19.6 19.0 20.0 20.1 
High cholesterol level 9.2 9.7 11.8 9.0 11.0 1l.l 

Family history of coronary heart disease at age ~60 y, % 72.0 12.0 12.0 17.0 12.0 13.1 

Multivitamin supplement use. % 41.2 48.4 54.1 45.0 46.0 52.1 
Saturated fat, g/d 24.3 24.7 24.9 22.6 25.0 26. 
Cereal fiber, g/d 5.6 7.1 8.1 5.9 7.0 7: 

l S@ndardiied for age (except for age welf) to the cohort age distnbution (Nurses’ H&h Study or HaaRh Profession& Follow-UP StudyI; values are meSnS udSS OttId’ 
ape&d. 

tAfnong poetmenopeusad women only. 
$Mstsbolic squlvslenr (MET) houn = sum of the average time per week spent m each activity X MET value Of each atiivlty 

MET value _ caloric mad/kg body WelghtIhour SCtbity 

caloric need/kg body welghtmaur at rest 
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Dietary Assessment 

Tn the NHS, diet was assessed in 1980, 
1984,1986, and 1990. A Bl-item semi- 
‘quantitative food frequency question- 
naire (FFQ) including 6 fruit and 11 veg- 
etable items, and potatoes was included 
in 1980. An expanded 116-item FFQ in- 
cluding 15 fruit items, 28 vegetable 
items, and potatoes were included in 
1984; similar questionnaires were re- 
peated in 1986 and 1990. In the HPFS, 
diet was assessed in 1986 and 1990 us- 
ing an expanded semiquantitative FFQ 
similar to that used in the NHS. Fur- 
ther details about the NHS and the HPFS 
have been described elsewhere.‘,7 

On dietary questionnaires. partici- 
pants reported their average intake of 
a specified portion size for each food 
over the past year. For each food item 
on the questionnaire, 9 responses were 
possible, ranging from never or less than 
once per month to 6 or more times per 
day. Detailed descriptions of the repro- 
ducibility and validity of the FFQ for 
both men and women have been pub- 
lished previously.“-” Validity of the di- 
etary data has been documented by 
comparisons with multiple weighted di- 
etary records correcting for within- 
person weekly variation in diet. The 
correlation coefficients for responses to 
the 61-item questionnaire in the NHS 
for fruits and vegetables compared with 
four l-week diet records averaged 0.57 
(ranging from 0.27-0.93). In the HPFS, 
Pearson correlations between intake 
from the questionnaire and the diet 
records, corrected for within-person 
weekly variation in diet record, were on 
average approximately 0.7 for intake of 
individual fruits and 0.5 for intake of 
individual vegetables. 

Responses to the individual food 
items were converted to average daily 
intake of each fruit and vegetable item 
for each participant. The average daily 
intakes of individual food items were 
combined to compute total fruit and 
vegetable intake, as well as intakes of 
composite fruit and vegetable groups. 
The definitions of composite groups 
were based on a report by Steinmetz et .~ 

F”- al”; the groups were modified to re- 
[ late to our questionnaires and hypoth- 

9 
. * 

_. 
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esis (available on request from the au- 
.thors). Vitamin C-rich fruits and 
vegetables included items containing 
more than 30 mg of vitamin C per serv- 
ing. For total vegetable intake, we did 
not include potatoes, tofu and soy- 
beans dried beans and lentils, or items 
with small portion sizes such as chili 
sauce and garlic. Missing individual 
components were counted as zero in- 
take when aggregating items to com- 
pute the composite items. 

Data Analyses 

We recorded 670 total strokes among 
women: 366 new cases of ischemic 
stroke. 198 new cases of hemorrhagic 
stroke. and 106 of unknown type. There 
were 317 total strokes among men: 204 
ischemic, 64 hemorrhagic, and 49 of 
unknown type. Due to the relatively 
small number of cases of hemorrhagic 
stroke to date and the differences in 
cause between ischemic and hemor- 
rhagic stroke, this article focuses only 
on ischemic stroke. 

Person-time for each participant was 
calculated from the date of return of the 
1980 questionnaire (in the NHS) or the 
1986 questionnaire (in the HPFS) to the 
earlier of the date of first stroke event, 
death, or the cutoff date (June 1. 1994, 
for the NHS, and January 3 1,1994, for 
the HPFS). Participants who reported 
CVD or cancer or diabetes prior to 
completion of the baseline dietary ques- 
tionnaires were excluded. Each partici- 
pant thus contributed only 1 end point, 
and the cohort at risk for each fol- 
low-up period included only those who 
remained free from stroke at the begin- 
ning of each 2-year follow-up period. 

Due to the difference in sex, fol- 
low-up time, and the questionnaires in 
the 2 cohorts, the analyses were per- 
formed separately in each cohort and 
combined to achieve better control of 
confounding. The risk for ischemic 
stroke was compared by fruit/vegetable 
intake using pooled logistic regression 
methods proposed by Cupples et al” and 
D’Agostino et al, I4 which summarize the 
relative risk (RR) across all 2-year fol- 
low-up periods. Analyses were adjusted 
for age (j-year categories): smoking 

(never, former, current l-14,15-24, and 
125 cigarettes per day); alcohol con- 
sumption (5 categories in women, 7 cat- 
egories in men); family history of myo- 
cardial infarction (<65 years of age in 
women, -GO years of age in men); body 
mass index (quintiles); multivitamin 
supplement use; vitamin E use, aspirin 
use, physical activity (2 categories in 
women, quintiles in men); and reported 
hypertension and hypercholesterol- . 
emia and time period.-Additionally, 
among the women, we controlled for 
postmenopa@ hormone use. We&o 
controlled for total energy intake.‘5*16 

Because of the long follow-up period, 
exposures and confounders were 
updated to better represent long-term 
dietary patterns. I7 In the NHS we used 
the 1980,1984,1986, and 1990 ques- 
tionnaires, and in the HPFS we used the 
1986 and 1990 questionnaires. We com- 
puted fruit and vegetable intake for each 
follow-up period as a cumulative aver- 
age of intake from all available FFQs up 
to the start of the 2-year follow-up 
period in which events were reported. 
Since intermediate end points may influ- 
ence diet, in cases in which the partici- 
pant experienced angina, coronary 
artery bypass grafting or angioplasty, 
hypercholesterolemia, hypertension, or 
diabetes, we stopped updating diet at 
the beginning of the interval in which 
they experienced the outcome. 

The average daily intake for each com- 
posite item was coded into quint&s of 
intake within each cohort. Each quin- 
tile of intake was compared with the low- 
est quintile of intake. Trends in stroke 
risk across individual fruits and veg- 
etables and composite items were as- 
sessed in logistic models by using a vari- 
able for the average number of servings 
consumed per day. To assess the trend 
for composite items, we used the me- 
dian values of intake for each quintile 
of the composite item to minimize the 
influence of outliers. The RR for the con- 
tinuous measures, for both the indi- 
vidual and composite items, indicates the 
increase or decrease in risk associated 
with an average increment of 1 serving 
per day of the standard portion size de- 
fined in the questionnaires. 
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Because a protective effect of fruits and other vitamin supplements at baseline We also performed the analyses sepa- 
vegetables could be explained by their were excluded from these subgroup rately for current smokers and for never 
vitamin content, we also evaluated asso- analyses. Nonusers from the HF’FS who or past smokers to determine if smok- 

e ciations between fruit andvegetables and took mineral supplements at baseline ing influenced the association between 
ischemic stroke separately among mul- were also excluded from the subgroup . intake of fruits and vegetables and ische- 
tivitamin supplement users and nonus- analyses; data on mineral supplements mic stroke. For the primary analyses, the 
em. Nonusers of multivitamins who took were not available in the NHS in 1980. RR from the (pooled) logistic regres- 

Table 2. Multivariate Relative kisks (RI&) of Isch‘eiriic*5fi&d WEth 95% Confidence Intervals (Cls) by Quintiie and per Seniingpe’r Day* 

Media-~ !hruings 
- Quintile~ ww§ 

I 1 1 Serving -yGL 
Composite items 2 3 4. 5 per DayS =cverd 1,q 

Albitstnnve@tables 

Men 

Pooled 

Alltiti 
Women 

Men 

Poded 

4 =$I," 

Mefl 

PoOled 

Totalcibusftuii 
Women 

Men 

Pooled 

citrus fruii juices 

0.89(0.66-1.20) 0.75(0.55-1.04) 0.60(0.4%X35) 0.74(0.52-1.05) 0.!%3(0:87-1.00) 5.82 [2.93,lO.lEij 

0.77(0.49-1.20) 0.70(0.44-1.10) 1.03(0.67-1.57) 0.61 (0.37-1.00) 0.96(0.89-1.03) 5.07 [2.54,9.15j 

O&5(0.66-1.09) 0.73(0.56-0.95) 0.77(0.46-1.31) 0.69(0.52-0.92) 0.94(0.90-0.99) 

0.88(0.65-1.20) 0.82 (0.60-1.13) O.SS(O.47-0.93) 0.69(0.49&X) 0.87 (0.78-0.96) 2.33 [0.86,4.54] 

0.78(0.50-1.22) 0X4(0.54-1.31) 0.87(0.56-1.34) 0.68(0.42-1.10) 0.93(0X@-1.05) 2.09 [0.72,4X] 

0.85 (0.66-1.09) 0.83(0.64-1.07) 0.73(0.56-0.96) 0.69 (0.52-0.91) 0.89(0X&0.97) 

1.23(0.92-1.65) 0X8(0.63-1.22) 0.76(0.64-1.08) 0.89(0.63-1.26) 0.95(0X%-1.06) 3.34 [1.60.6.21] 

0.99(0.65-1.51) 0.76(0.49-1.20) 0.81 (0.51-1.26) 0.90(0.58-1.41) 0.98(0.86-1.09) 2.83 p.36, 5.371 

1.15(0.90-1.46) 0X4(0.64-1.09) 0.78(0.59-1.03) 0.90(0.68-1.18) 0.96(0.89-1.04) 

0.70(0.51-0.96) 0.82(0.60-1.10) 0.72(0.52-0.98) 0.59(0.42-0.82) 0.75(0.62-0.91) 0.85 [0.08,1.80] 

1.24(0.80-1.92) 0.92(0;59-1.45) 0.92(0.59-1.&t) 0.92(0.59-1.44) 0.93(0.73-1.18) 0.86 [O.c8,1.88] 

0.91 (0.52-1.60) 0.85(0.66-1.09) 0.78(0.60-1.01) 0.72(0.47-1.11) 0.81 (0.68-0.96) 

Women 

Men 

PC&d 

0.80(0.58-1.11) 0.77(0.56-1.05) 0.91 (0.66-1.25) 0.61 (0.45-0.84) 0.73(0.56-0.95) 0.43 [0.ccJ,1.00] 

0.91 (0.60-1.39) 0.64(0,54-1.31) 0.85 (0.63-1.37) 0.74(0.49-1.13) 0.80(0.57-1.13) 0.43 [0.00.1.00] 

ON(O.651.09) 0.79(0.61-1.02) 0.89(0.68-1.16) 0.65(0.51-0.84) 0.75(0.61-0.93) 

cruciferous vegetables 
Women 

Men 

Pooled 

1.09(0.80-1.50) 

0.65 (0.42-0.99) 

0.86 (0.51-1.44) 

.~ --- 
1.04(0.77-1.42) 0.91 (0.65-1.26) 0.77 (0.54-1.08) 

0.82(0.54-1.23) 0.69(0.45-1.05) 0X4(0.42-0.99) 

0.95(0.74-1,22) 0.82(0.63-1.06) 0.71 (0.55-0.93) 

0.69(0.44-1.08) 0.42 [0.14,0.95! 

0.70(0.43-1.14) 0.04 [0.14, 1.01: 

0.68 (0.49-0.94) 

Greyi~xilw@ables 
0.65(0.46-0.91) 0.71 (0.52-0.96) 0.77(0.56-1.06) 0.76(0.55-1.05) 0.84(0.61-1.15) 0.73 [0.16,1.51 

Met-I 1.01 (0.67-1.52) 1.08(0.70-1.67) 0.76(0.49-1.17) 0.76(0.48-1.20) 0.73(0.52-1.03) 0.59 [0.16,1.36 

Poded 0.80(0.51-1.24) 0.85(0.57-1.27) 0.77(0.59-0.99) 0.76(0.58-0.99) 0.79(0.62-0.99) 

VtarninC-richfwiisandvegetables 
women 0.83(0.62-1.12) 0.73(0.54-1.00) 0.6&0.49-0.95) 0.64(0.46-0.89) 0.80(0.68-0.93) 1.53 [OH 3.06 

Men 0.82(0.52-1.27) 0.62(0.39-0.99) 1.00(0.66-1.51) 0.77(0.49-1.20) 0.95(0.80-1.13) 1.42 [0.46,2.96 

Pooled 0X3(0.64-1.06) 0.70(0.64-0.90) 0.81 (6.56-1.17) 0X8(0.52-0.89) 0.87(0.73-1.03) 

L39umes 
Women 1.15(0.63-1.60) 1.01 (0.71-1.44) 1.38(1.02-1.88) 1.16(0.83-1.63) 1.65(0.81-3.40) 0.16 [0.00,0.43 

Me.il OB(O.551.25) 0.98(0.62-1.54) 1.07(0.71-1.62) 0.85(0.54-1.34) 0.71 (0.33-1.52) 0.22 [0.00,0.57 

Pooled 1.00(0.73-1.38) 1.00(0.75-1.32) 1.26(0.98-1.62) 1.03(0.77-1.39) l.C9(0.47-2.51) 
Dntsrtnnc 
I V.WL.ns.4 

Women 0.96(0.61-1.52) 0.92(0.61-1.39) 1.12(0.74-1.72) 1.09(0.69-1.72) 1.15 (0.69-1.90) 0.43 [0.14,0.9E 

Men 1.11 (0.81-1.52) 1.10(0.81-1.50) 1.04(0.74-l+%) 1.23(0.88-1.72) 1.25(0.85-1X3) 0.51 10.14, I.02 

Pooled 1.06(0.82-1.37) 1.03(0.80-1.32) 1.07(0.82-1.40) 1.18(0.90-1.54) 1.21 (0.89-1.64) 

*Results in men. women, and poaied data for quintiles of intake compared with the lowest quintile and for an increment of 1 serving per day. Person-years = 581118 among \lrom8 
and 166 666 among men: cases = 366 among women and 204 among men. Models are adjusted for age (Syear categories), smoking (never, fcnner, currerk l-l 4,15-24,22 
cigarettes per day), alcohol (7 categories in man, 5 categories in women), family history of myocardial infarction (age C60 y in men and age <65 y In women), budy mass id 
(quint@), vitamin supplement use. vitamin E use, physical activity, aspirin use. 7 time periods for women. 4 time periods for men, hypertension and hypaicholasterolende, tot 
energy inta!a, and among women, postmenopausal hormone use. 

f%farenca is quintile 1, lowest intake. 
zJContinuous variable for increments of 1 se&g per day using median value for the quint&s of intake. 
?$listribuUon based on 1986 questionnaires. 
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sion pooling across 2-year time periods 
from the 2 cohorts were further com- 
bined using the pooling methods pro- 
.posed by DerSimonian and Laird’* that 
weighted the RR in each cohort by the 
inverse of the SEs. Finally, we exam- 
ined the adjusted RR for total stroke, 
using methods similar to those used for 
ischemic stroke. 

RESULTS 

Table 1 shows the distribution of the 
baseline standard cardiovascular risk fac- 
tors by quintiles of baseline fiuit and veg- 
etable intake from the NHS and the 
HPFS (quintile 5 being the highest ,in- 
take group). Persons who consumed 
more fruit and vegetables were older and 
generally had healthier lifestyles as in- 
dicated by lower rates of smoking. and 
higher levels of physical activity. Simi- 
lar trends were seen with other behav- 
ioral variables. Smoking and exercise 
were more strongly related to fiuit in- 
take compared with vegetables. In- 
takes of protein, cereal fiber, trunsfatty 
acids, saturated fat, polyunsaturated fat, 
and cholesterol increased with increas- 
ing fruit and vegetable intake. 

Median intakes of total fi-uits andveg- 
etables in 1986 were 5.8 servings per day 
for women (2.9 and 10.2 for quintiles 1 
and 5, respectively) and 5.l.servings per 
day for men (2.6 and 9.2 for quint&s 1 
and 5, respectively) (TABLE 2). Results 
from both studies individually, as well 
as pooled analyses for composite‘ fruit 
and vegetable items, are presented in 
Table 2. Overall fruit and vegetable 
intake was inversely related to risk of 

:: ischemicsuokeafteradjustingforpoten- 
+ial confounders. Those in the top quin- 
“:tileofintakehadanRRof0.69(95%CI, 
,:‘0.52-0.92) compared with those in the 
4bwest quintile; the corresponc&ig RR 

~:.:~‘was 0.74 (95% CI, 0.52-1.05) among 
‘. g women and 0.61 (95% CI, 0.37-X.00) 
; .Tatnong men. Assessed as a continuous 
I trend, an incre&nt of 1 Serving per day 
: .:wa~ associated tith a 7% lower &sk 

[‘+umgwomenanda4%lowerriskam- 
1. +ong men; for the combined population 
k :?$wre was a 6% lower risk of ischemic 
$- ‘.stroke (P= .Ol, test for trend). Similar 
F results were seen for total fruit and for 
. ,’ 
i: 
> Ii;. 

total vegetables separately. Additional 
control for intakes of trmtsfatty acids, 
saturated f& polyunsaturated fat, or cho- 
iesterol did not appreciably alter the 
results. All the composite items except 
legumes and potatoes ‘were inversely 
associated with risk of ischemic stroke. 

Theiowestriskswereohservedforhigh 
consumption of cruciferousvegetables 
(eg, broccoli, cabbage, cauliflower, brus- 
sel sprouts), green l& vegetables, cit- 
rus fruits, and vitamin C-rich fruit and 
vegetables.TheresultsweresimSaracros.5 
both cohorts, especially the measures of 
trend. Again, additional analyses incor- 
poratingnutrients thatmaybe potential 
confounders including protein, cereal fi- 
ber, saturated fat, trunsfatty acids, poly- 
unsaturated fat and cholesterolintake, or 
meat intake did not change the results. 
For example, when meat intake was 
added to the model, the RR for a 1 serv- 
ing per day increment of total fiuits and 
vegetables changed from 0.94 (95% CI, 
0.90-0.99) to 0.95 (95% a, 0.90-0.99); 
addition of trunsfatty acid quint&s re- 
su1tedinanRRof0.94(95%C1,0.90-1.0). 
When we examined total stroke as the 
outcome, an increment of 1 serving per 
day of total fruits and vegetables was 
associated with a 3% lower risk among 
women and a 5% lower risk among men; 
themultivariatepooledRRwasO.96 (95% 
CI, 0.93-1.00). Results forspecificti-uits 
and vegetables were in the same direction 
as for ischemic stroke or null. 

The FIGURE shows the multivariate 
RRs and 95% CIs for ischemic stroke 
computed for increasing servings per 
day of intake of fruit and vegetables 
(pooled for the NHS and the HPFS), 
suggesting a decreasing risk of ische- 
mic stroke with increasing intake. There 
was no apparent further reduction in 
risk beyond 6 servings per day. 

Supplement users consumedmore fruit 
and vegetables than nonusers (6.08 serv- 
ing per day vs 5.64 servings per day 
among women and 5.40 servings per day 
vs 4.94 servings per day among men). 
Similarly, nonsmokers consumed more 
fruit and vegetables than current smok- 
ers (6.00 servings per day vs 5.10 serv- 
ingsper&yamongwomenand5.21serv- 
ings per day vs 4.21 servings per day 

(I 

Figure. Total Fruit and Vegetable intake and 
Risk of lschemic Stroke 

o- I 
<3 3-3.9 4-49 5-5.9 B-7.9 20 

Fruit and Vegetable Intake (servings per Day) 

Pooled multivariate relative risks (RRsf of ischemic 
stroke with 95% confidence intervals Qs) for men 
and women for increasine intake of total fruits and 
vegetables. Data are for gen and women combined, 
controlled for the same factors as in Table 2, with none 
to less than 3 setving per day as the comparison group. 

among men). Pooled RRs for an incre- 
ment of 1 serving per day (linear trend) 
by multivitamin supplement use or non- 
use and by smoking status are present- 
ed in TABLE 3. The inverse associations 
between consumption of iiuits, citrus 
fruit, and cruciferous vegetables and risk 
of ischemic stroke were somewhat stron- 
ger in the nonsupplement group com- 
pared with the supplement user group. 
Althoughtheassociationsweres0mewbat 
weaker and not statistically significant . 
amongmultipleviramin users, thenum- 
ber of cases was smaller and the CIs in- 
cludedsubstantial reductions in risk No 
suiking differences in associations were 
seen by smoking status, although the ap- 
parent protective effects appeared to be 
slightly stronger among current smok- 
ers than among past and never smokers. 
TheCIsindicatethatintemctionsbetween 
intake of fruit and vegetables and smok- 
ing (or supplement use) or ischemic 
stroke are not significant. 

Analyses of individual fruit and veg- 
etable items that consiinrted the com- 
posite items did not show any single 
fruit or vegetable that was strikingly 
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more protective than others. Most items 
showed null or inverse associations. In 
general, the findings were consistent 
with what may be expected from the 
composite analyses (data not shown). 

COMMENT 

Overall, these findings support a pro- 
tective effect between consumption of 
fruits andvegetables against risk of is- 
chemic stroke in both women and men. 

Fruit and vegetables-in particular cru- 
ciferous and green leafy vegetables, cit- 
rus fruits, and citrus fruit juices- 
were inversely associated with risk of 
ischemic stroke in both cohorts. Fruit 
and vegetable intake was associated 
with behavioral risk factors such as 
smoking and exercise. However, ad- 
justment for behavioral and other risk 
factors, including nutrients that were 
suspected to be confounders, did not 
explain the apparent benefits of higher 
fruit and vegetable consumption, al- 
though adjustments for these factors did 
attenuate the observed associations. 

These cohorts of health profession- 
als tended to have healthier lifestyles than 
the general population: for example, the 

median intake of fruit and vegetablesin 
these cohorts was over the recommended 
5 servings per day. 1g*20 The existence of 
a dose-response relationship within these 
groups,whicharerelativelyhomogenous 
in occupation and education, is particu- 
larly notable, as confounding by variables 
related to socioeconomic status is mini- 
mized. We found that intake beyond 6 
servings per day provided little further 
reductioninriskofischemicstrokecom- 
pared with intake of 5 to 6 servings per 
day. These findings lend support to the 
recommendation of eating 5 servings per 
day of fruit and vegetables. For specific 
fruits and vegetables, the RRs for an in- 
crement of 1 serving per day should be 
interpreted in light of the consumption 
level. For example, the intake of legumes 
was very low, with only 0.5 servings per 
day as the median intake in the highest 
quintile (Tables 2 and3); hence, our abil- 
ity to study the effect of higher consump- 
tion was limited. 

Our results are similar to a study of 
832 men from the Framingham co- 
hort. The RR of 0.94 in our study for an 
increment of 1 serving per day uans- 
lates to a decremental risk of 0.83 for 3 

_ ., .Ir”“, , 
Table 3. Multivariate Relative Risks (RRs) and 95% C&fid&% ji;t~“~k’“(“Cliffiii’lschemlc 
Stroke for 1 Serving per Day by Multivitamin Use and Smoking Status* 

No Vitamin Multiviiamin Never and currelit 
s’tnpP’;n$t 

3 
s’I,pP’;~;” 

I= ‘7E Sm$rn 
Smokers 

3 (n = 1721 

0.93 (0.87-0.99) 0.98 (0.91-l .05) 0.96 (0.91-l .02) 0.93(0.78-1.10) 

All fruits 0.90(0.76-1.05) 0.96(0.84-1.09) 0.94(0.85-1.03) 0.86(0.70-1.06) 

All vegetables 0.91 (0.81 --, '-1.031 0.96 f0.SI.@81 ~. 0.97 (0.89-l .M 0.66(0.74-1.02) 

Total citrus fruits 0.77 fO.62-0.9il 0.86 (0.61-1.23) 0.88(0.74-1.05) 0.88 

Citruskuiiiuices '8 (0.60-l.Olj 

(0.48-1.63) 

0.72 fO.53-0.97) 0.90 (0.63-1.26) 0.7 0.70 (0.47-1.04) 

Ctutierous veaetables 0.55 fO.34-0.91) 0.87 (0.52-1.43) 0.66 (0.45498) 0.57(0.28-1.16) 

Green leafy vegetables 0.78(0.56-1.03) 0.81 [0.56-1.17) 0.74(0.56-0.98) 0.91 (0.58-1.43) 

Vrtamin Crich fruits 0.83 (0.66-l .04) 0.89 (0.74-1.08) 0.88(0.77-1.01) 0.73(0.58-0.93) 
and’.qetables 

Legum= 
Potatoes 

1.40(0.48-4.09) 0.85(0.36-1.98) 1.05(0.56-1.98) 1.56(0.58-4.29) 

1.18(0.72-1.94) 1.12(0.66-1.85) 1.17(0.69-1.70) 1.35 (0.79-2.31) 

WOm@l 
Pemfl-years 324869 196768 449006 129324 

214 122 226 139 
MM! . ..-.. 

Person-years 78171 69397 144125 15903 

CaseS 81 94 162 33 
*Adjusted for age [5-y&% categories), em&fng (never. famer. CUITM: l-14,15-24, ~25 CigareneS PI day). alcohd 

(7 categones m men, 5 categories in woman), famib histofy of myocardial infarction (age GO y in men and age C65 
yin wcmen). body mass Index (quintiles). vitamin supplement use, vitamin E us.8 physical actMy, aspirin usa. 7 time 
periods for women. 4 tims periods for men, hypertension and hyperchofestem!emia, total energy mtake. and among 
women. postmenopausal hormone use. 
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servings per day, which is reasonably 
comparable with the RR of 0.75 for is- 
chemic stroke (95% CI, 0.55-1.03) for 

: 

an increment of 3 servings per day of 
h. 
; 

fruit and vegetables (including pota- 
toeP in the Framingham study. No as- 
sociation between green and yellow veg- 
etables and total stroke was observed 
among a 16-year follow-up of 265 118. 
Japanese people, I2 but the study re- 
ported on total strokes and the nutjor, 
ity of strokes in Japan at that time were 
likely to be hemorrhagic. In a 5-year fol- 
low-upu ofJ299 Massachusetts nurs- 
ing home residents, the RR for stroke 
was 0.40 for carrots (95% CI, 0.17- 
0.98) and 0.49 for salads (95% CI, 0.31- 
0.71), comparing 1 ormorevs less than 
1 serving per day, which is stronger than 
comparable associations in our study, ~ 

The constituents of fruits and,veg 
etables potentially responsible for the% 
apparent beneficial effect on risk of &: 
che& stroke in&de potassium, ,f& . ’ 
late. and fiber: the associations b$ ’ 
tween ischemic stroke .&6t&~ ’ 
nuuients have been evalGm 
reportsSz7 Dietary flavonoids (which” 
are present in fruits and vegetables) have 

,~~ 

also been recently related to decreased 
& 

: 
risk of ischemic stroke.= There is little ..?! 
evidence relating dietary fiber to stroke. -“” 
The evidence for potassium is limited -” 
and most studies were based on a 24- ‘2 
hour recall, which may not be able to ad- 
just for other foods and nutrients that 

f: 
,:) 

could explain the inverse associations re- : 
ported.+“’ However, 
based on the same cohort.. 
chxieci in these atlaipsp 
inverse ~&nwas*~,; 
iate RR, 0.62; 95% CI, O.G0%?!8iti‘, ;I 
paringthetopandbottom”~~ ,.& 
‘tasium intake). The evi&ii~~&ite 1, 
is largely indirect through its eiIect ou .‘z 
homocysteine, 26 although in the i 
Framingham Heart Study, an associa- 
tion was obse.rved between Iow serum 
concentrations and low intakes of fo- 

2 

lateandincreasedriskofexaacI;inialca-, ; 
rotid artery stenosisz7 Hence, the evi- :- 
dence for a protective role of any single 
constituent of fruits and vegetables is 

‘” suggestive but inconcl~, and it is im- 
portant to consider the role of fruits and 

-s ‘.. II _/, 
2 
f$g 
n.:c 
>a 
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vegetables foods in themselves. Slightly 
stronger protective associations were 
seen in the nonusers of supplements, 
suggesting that constituents of multi- 
titamins may contribute to the appar- 
ent protective effect of fruits and veg- 
etables. There was no clear modification 
of the relation of fruit and vegetable con- 
sumption to risk of ischemic stroke by 
smoking, but current smokers may gain 
a slightly greater benefit from eating 

more fruits and vegetables than never or 
past smokers. 

These data support a protective ef- 
fect of higher consumption of fruits and 
vegetables-in particular cruciferous 
and green leafy vegetables, citrus fruits, 
and citrus juice-against risk of ische- 
mic stroke. Our results provide fur- 
ther support for the recommendation 
to consume at least 5 servings of fruits 
and vegetables a day. 
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Pr&ztive Effect of Fruits 
and Vegetables on Development 
-of Stroke in Men 
Matthew W. Gillman, MD; L. Adrienne Cupples, PhD; David Gagnon, MD; Barbara Millen Posner, DrPH; 

R. Curtis Ellison, MD; William P. Castelli, MD; Philip A. Wolf, MD 

Objective.-To examine the effect of fruit and vegetable intake on risk of stroke 
among middle-aged men over 20 years of follow-up. 

Design.-Cohott. 
Setting.-The Framingham Study, a population-based longitudinal study. 
Participants.-All 832 men, aged 45 through 85 years, who were free of cardio- 

vascular disease at baseline (1966 through 1969). 
Measurements and Data Analysis.- The diet of each subject was assessed 

at baseline by a single 24-hour recall. The estimated total number of servings per 
day of fruits and vegetables was the exposure variable for this analysis. Using 
Kaplan-Meier survival analysis, we examined age-adjusted cumulative incidence 
of stroke by quintile of servings per day. To adjust for multiple covariates, we used 
proportional hazards regression to calculate the relative risk (RR) of stroke for each 
increment of three servings per day. 

Main Outcome Measure.-Incidence of completed strokes and transient 
ischemic attacks. 

Results.-At baseline, the mean (*SD) number of fruit and vegetable servings 
per day was 5.1 (12.8). During follow-up there were 97 incident strokes, including 
73 completed strokes and 24 transient ischemic attacks. Age-adjusted risk of stroke 
decreased across increasing quintile of servings per day (log rank Pfor trend, .Ol). 
Age-adjusted RR for all stroke, including transient ischemic attack, was 0.78 (95% 
confidence interval [Cl], 0.62 to 0.98) for each increase of three servings per day. 
For completed stroke the RR was 0.74 (95% Cl, 0.57 to 0.96); for completed stroke 
of ischemic origin the RR was 0.76 (95% Cl, 0.57 to 1.02); and for completed stroke 
of hemorrhagic origin, 0.49 (95% Cl, 0.25 to 0.95). Adjustment for body mass index, 
cigarette smoking, glucose intolerance, physical activity, blood pressure, serum cho- 
lesterol, and intake of energy, ethanol, and fat did not materially change the results. 

Conclusion.-Intake of fruits and vegetables may protect against development 
of stroke in men. 

ALTHOUGH stroke mortality rates 
have decreased in the past several de- 
cades, cerebrovascular disease remains 
the third leading cause of death in the 
United States.’ Acute andlong-term care 
for stroke patients and lost productivity 
consume at leaat $20. billion annually, 
and many of the more than 3 million US 
stroke victims who are alive today suf- 
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fer severe disability.’ Because of this 
substantial morbidity and mortality and 
the lack of effective therapies, several 
authors have stressed the potential value 
of primary prevention.24 

Data from international epidemiologic 
comparisons suggest that immigrants 
rapidly take on the stroke incidence rates 
of their adopted c~untry.~ Thus, environ- 
mental factors, including diet, may .be 
important in the genesis of stroke and in 
the potential to prevent its occurrence. 
Despite this, there have been few stud- 
ies concerning possible dietary determi- 
nants of stroke. In addition, most of these 
studies have focused on selected nutri- 
ents rather than on foods themselves. 
For example, Gey et 3 demonstrated an 
in& risk of stroke among Swiss men 
with low plasma carotene and vitamin C 

.- 

levels, suggesting a protective role for 
dietaryantioxidantvivitamins.. 
datafr0mtheNurses’HealthStudyagree 
withthese fmdhgs? Khaw and Barrett- 
Conno$ reported an inverse ass0ciation 
of potassium intake, irrespective of hy- 
pertensive status, with stroke mortality 
in a population-based cohort study in 
southern California. Some studies have 
also suggested a protective r0le for both 
,dietary fat and protein.s’2 Ethanol in- 
take appears to increase the risk for hem- 
orrhagic, but not ischemic, str0ke.s16 

Nutritional advice is often cask to 
understandinthecontextoffoodsrafher 
than the nutrlenta c0ntained in fooda. 
Therefore, linking foods or food groups 
to outcomes may be at least as important 
as nutrient-disease relationshipa. Fruit43 
and vegetables are of particularintereet. 
hecause of their p0tasaium and antbxi--’ 
dant contents7 and because of national 
programs aimed at increasing intake of 
these foods.‘s One ecological .ptudy sug- 
gested an inverse association between 
hit and vegetable consumption and 
stroke,‘g and another related higher con- 
sumption of fruits and vegetables with a 
decreaseinmortalityf?omallcardiova8- 
c&r diseases.m However, longitudiual 
epidemiologic data concerning this sub- 
ject are scarce. Prem data from 
one study suggested a reduc4 risk of 
stroke with consumption of larger 
amounts of fruits and vegetablesp but 
the data were limited to women, The 
purp0seoftXsstudywaatoeJWW& 
effect of &uit and vegetable ame~~~p~ 
tion on stroke incidence over 20 JWU’I~ Ot 
follaw-up am0ng middle-aged’ men par- 
ticipsting h the M&a&$&@. 

METHODS 

~eF=bNmS~y,WcW9i3w 
in194&isalongitudinalstudy~~ 
vascularandother~au&f5&%% 
factors. The original cohort consorted af 
5209menandwomen,andtheyhavebeen 
examined biennially since the study’s in- 
ception. Fewer than 2% of the otigid 
participants have been lost t.0 follow-up 
for mortality end points. Further details 
of recruitment, examination procedures, 
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and follow-up can be found elsewhere.* 
From 1966 through 1969, all 865 men 

aged 45 through 65 years who were seen 
at examinations 9,10, and 11 participated 
in assessment of dietary intake. Women’s 
diets were not assessed. The method of 
assessment was designed to be compa- 
iable to protocols then in use in the Ho- 
nolulu and Puerto Rico heart studies.2525 
Trained interviewers elicit.4 information 
on the individual’s previous 24-hour in- 
take. Household measures were used to 
determine food portion sizes. After com- 
pleting the interview, study personnel 
tallied subjects’ responses on a preceded 
food list (the Framingham Composite 
Table), using standardized protocols that 
have previously been describedin detail.% 
Briefly, each food reported on the &l- 
hour recall, including the individual com- 
ponents of mixed dishes, was categorized 
into one of about 100 food items. Catego- 
rization was based on similarities in the 
energy content and macronutrient com- 
position of foods. Estimates of rnacronu- 
trient intake were calculated by hand, 
based on estimates of the nutrient com- 
position of foods that were available at 
that time.% The dietary data set currently 
available for analysis contains subjects’ 
estimated daily intake of the approxi- 
mately 100 foods or food groups from the 
Framingham Composite Table, measured 
in number of servings (serving size is 
specified for each food). Also available 
are values for macronutrients in both 
grams and percentage of total energy. 
No estimates for micronutrients are avail- 
able. These dietary data have been used 
previously to explore relationships be- 
tween dietary lipids and development of 
coronary heart disease.Pn 

For these analyses, we concentrated 
on the food groups that comprised fruits 
and vegetables.= In the three groups of 
fruits, a serving size was detied aa 120 
mL (% cup). The first group was watery 
hit, consisting of fruits for which a single 
serving contained no more than 59 kcal 
(24’7.8 W). Examples were peaches, 
grapes, oranges, and orange juice. Av- 
erage fruits were those containing 60 to 
89 kcal (252.0 to 373.8 ks) per serving 
examples were apples, bananas, and apple 
juice. The third category was sweet fruit, 
with at least 90 kcal(3’78.0 kJ) per serv- 
ing. These included canned and frozen 
fruits. There were 10 categories of veg- 
etables, with varying serving sires. Roots 
and fruits (serving size 120 mL) included, 
among others, beets, onions, and winter 
squash. Examples of raw and green veg- 
etables (120 mL) included lettuce, cu- 
cumbers, green peppers, and raw toma- 
toes. Cooked leafy vegetables (120 mL) 
included such items as broccoli, carrots, 
summer squash, and cooked tomatoes. 
The m-mining categories and their serv- 
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ing sizes were as follows: tomato sauce 
(60 mL), peas and lima beans (120 mL), 
baked beans (120 mL), corn C20 mL), 
potatoes (one), sweet potatoes (one), and 
potato chips (28 g [l 021). 

At the baseline examination (1966 
through 1969),16 men had had previous 
strokes and another 1’7 men had other 
forms of cardiovascular disease. The cur- 
rent analyses are based on the 832 men 
who were free of cardiovascular disease 
at that time. For this analysis subjects 
were followed up through examination 
20, for 18 to 22 years of follow-up on 
each subject. 

At the time of each follow-up visit the 
examining physician recorded newly de- 
veloped cardiovascular disease, cancer, 
and other events. Information about end 
points was also obtained by surveillance 
of hospital admissions records and com- 
munication with family physicians and 
relatives. All cardiovascular events, in- 
cluding stroke, were reviewed by a panel 
of three physician investigators who used 
a set of established ~riteria.~ For stroke 
outcomes, this panel included at least two 
experienced neurologists. Minimal crlte- 
ria for stroke consisted of abrupt onset of 
a localizing neurological deficit. Stroke 
was further categorized into ischemic, 
including atherothrombotic brain infarc- 
tion and embolus, or hemorrhagic, in- 
cluding subarachnoid and intracerebral. 
This categorization was initially based 
on clinical and cerebrospinal fluid fmd- 
ings and, since the late 19’7Os, on findings 
of computed tomography aa welL Tran- 
sient ischemic attack (TIA) was desig- 
nated when a history of a focal neuro- 
logical deficit was documented to persist 
for less than 24 hours. For this analysis 
TIA was considered an incident event; 
thus, those subjects who had TIA were 
no longer at risk for completed stroke. 

All covariate measurement3 were per- 
formed at the $ne of the dietary assess- 
ment except for 142 measures of glucose 
intolerance and 148 measures of serum 
cholesterol level that were performed at 
the ninth examination in subjects whose 
dietary assessment was at the 10th ex- 
amination. Serum total cholesterol was 
measured by the method of Abell et al.= 
Systolic blood pressure was taken as the 
first of two measurements made by the 
examining physician using a standard 
mercury sphygmomanometer. Glucose 
intdersnce, a dichotomous variable, was 
considered present if the patient had a 
diagnosis of diabetes mellitus, exhibited 
glycosuria at the baseline examination, or 
had a baseline blood glucose level exceed- 
ing 6.66 mmol& (120.0 mg/dL). Left ven- 
tricular hypertrophy, determined electro- 
cardiographically, was coded as none, bor- 
derline, or de6nit.e. Cigarette smoking was 
the self-reported number of cigarettes 

smoked per day. Body mass index was 
calculated as weight in kilograms divided 
bythesquareofheightinmetem&g/m~. 
The physical activity index was based on 
a we&&d average of the self-reported 
nnmberofhonrsspentinthefollowing 
types of activities: rest, sedentary, Kg& 
moderate, and heavy. 

Wedef!nedtheexposumvariabletobe 
thet0talnumberofdailyser+ngsoffinits 
and vegetables. We pursued three ana- 
lytic strategies. First, we calculated 20- 
year ageadjusted cumulative incidence 
ratesbyquintlleofse.rv+,alongwithP 
values for trend by the Mantel-Haemzel 
method. Second, we calculated Kaplan-. 
Meier survival curves to examine age- 
adjusted20-yearincidenceratesbyquin- 
tileofservings.Weusedthe&ratifiedlog 
rank test to.examine trends over quin- 
tiles,andweac@stedforagebydirect 
standardizaton at each time point, using 
theagedistrlbutionatentryintothestudy. 

To adjust for multiple covariates, we 
used cox proportional hamrds analysis 
to obtain relative risks (RR& and 96% 
cotidence intervals (CIs) of stroke for 
each increment of three servings. The 
proportional hazards assumption was 
found to be appropriate for these data 
Because blood pressure or serum choles- 
terol level might be an intermediate in 
the biological pathway, we determined 
thechangeinthemai.ne&ctofadding 
eachofthesevariablessinglytothemodel. 
Because these single additions did not 
alter the RRs, we includedthemtogether 
with other covariates in the multivariate 
models that we present. We also exam- 
ined the effect of fruits independent of 
that of vegetables in separate multivar- 
iate models. To adjust for energy intake, 
we first regressed the exposure variable 
on total energy and then used the re- 
sidual in the multivariate modeLa 

RESULTS 
Atbaselinethemean(~SD)ageoftbe 

832menwas56.S(f4.6)yearaT&mean 
(Z-SD) total number of daily se&ngs of 
bits and vegetables (“sea&@) was, 
5.1(22.8), and mean total energy-& _ 
waa2613(t719) kcal(10975[~30201lrJ). 
Table 1 shows characteristicsof the sub- * 
jects by q&tile of servings. The number 
of subjects in each quintile. varies be- 
cause the exposure variable servings 
could take only integer values. There was 
little evidence for a strong association 
between any of these variables and in- 
take of fruits and vegetables, except for 
cigarette smoking, which was inversely 
related to hit and vegetable intake, and 
energyintake,whichwasdirectlyrelated. 

During the 20-year follow-up period 
there were 9’7 incident CerebrovascuMr 
events, of which 24 were categorized as 
TX& and ‘73 as completed strokes. Ofthe 
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Table 1 .-Saseline Characteristics of Subjects by Quintile of Fruit and Vege& Make* 
._ 

QUiilt5e 
I 1 

1 
Kline Chamcteriettc (nr144) (“=*&I, 

3 
(n=135) (nAo) (r&8, 

PfOr 
Trend 

Fruit and vegetable intake, 
servings per day, 
ranoe (mean) O-2(1.3) 3-4 (3.6) 5 6-7 (6.4) 8-19 (9.6) . . . 

---~ 
Mwn 

Age, Y 55.5 55.6 55.8 56.3 56.1 .04 

- '136.6 134.9 138.4 136.2 136.6 29 

serum cholesterol. 
mmoUL (mg/dL) 5.80 (222.7) 5.90 (226.4) 5.80 (224.1) 5.70 (219.4) 5.75 (222.2) .lO 

physicat acttvity index 34.9 35.0 36.0 36.3 34.6 so 

Body mass index, k&r? 26.5 26.6 26.9 26.6 27.7 .04 

No. of cigarettes 
smoked per day 13.9 10.3 10.4 6.6 8.0 GOI 

Energy intake. kcai (kJ) 2373 (9967) 2606 (10534) 2635 (11067) 2742 (11516) 2631 (11690) <.OOl 

Emr10l intake, mL per week 195 156 166 183 177 .96 

Fat intake, % energy 30.5 40.7 36.4 39.2 37.3 .02 

protein intake, % energy 15.7 15.6 15.6 15.6 15.6 .99 

GluWse intolerance 

Eordertine or definite LVHt 

No. (%) of Subjects 

13 (9.0) 33(14.7) 14(10.4) 24(13.3) 14(9.5) .64 

4e.8) 7 (3.1) 5 (3.7) 4(2.2) 3(20) 88 

*Data from 632 men. aged 45 through 65 years, from the Framingham Study. 
TLVH indicates electrocardiographic left ventricular hypertrophy. 

Table P.-Age-Adjusted Stroke Cumulative Incidence Rates per 1000 Subjects, by Quintile of Fruit and 
Veoetabie intake* 

Tvw of Stroke (No. of Event& 

Qulntile 

1 

2 

3 

4 

‘All, Including Transient Completed 
Iechemio Attack (m) VV 

191.7 146.9 

100.9 64.2 

121.8 83.1 

107.7 63.6 

ISCtWlliC 
(61) 

HemMmegtd 
(14) 

121.3 42.4 

66.2 16.0 

67.4 15.3 

63.8 r-i _-._ _-.- 

5 70.7 63.7 51.4 12.3 

P for trend .Ol .Ol .05 32 

*Twenty-year foltow-up data horn 632 men. aged 45 through 65 years at baseline, from the Framingham Study. 

completed strokes, 61 were ischemic and 
14 hemorrhagic (two subjects had both 
types). Table 2 shows age-adjusted cu- 
mulative incidence rates per 1000 sub- 
jects by type of stroke, according to fruit 
and vegetable intake. For all stroke (in- 
cluding TIA) and for completed stroke, 
bothischemicandhemorrhagic,therewas 
a substantial decrease in risk with in- 
= q&tile of fruit and vegetable 

risk of all stroke, including TIA (age- 
adjusted RR, 0.78; 95% CI, 0.62 to 0.98). 
Relative risks for completed stroke and 
for compieted stroke of ischemic origin 
were similar (RR, 0.74; 95% CI, 0.57 to 
0.W and RR, 0.7s; 95% CI, 0.57 to 1.02, 
respectively). The RR for hemorrhagic 
stroke was 0.49, but with few events, the 
95% CI was wide (025 to 0.95). 

Age-adjusted cumulative incidence for 
all stroke (including TIA), calculated by 
using Kaplan-Meier survival analysis, is 
shown in the Figure. There was a sub- 
stantialtiendofprotectionagainststroke 
frmnlowest(iimtquintile)tohighest&fth 
quintlIe) fruit and vegetable intake Oog 
rank P for trend, .Ol). We observed the 
same trend of protection ~QYXS quintiles 
forcompletedstroke(logrankPfortrend, 
.009; data not shown). 

The Cox proportional hazards results 
appear in Table 3. For each increment of 
three daily senrings of fruits and veg- 
etables, there was a 22% decrease in the 

Except for hemorrhagic stroke, adjust, 
ment for covariates made little difference 
in the estimated amount of protection af- 
forded by increasing servings. For ex- 
ample, for all stroke, adjustment for ciga- 
rette smoking, glucose intolerance, body 
mass index, left ventricular hypertrophy, 
physical activity index, serum cholesterol 
level, systolic blood pressure, and intake 
of total energy, ethanol, and fat in addi- 
tion to age did not materially alter the 
effect estimate (RR adjusted for all co- 
variates, 0.77, 95% CI, 0.60 to 0.98). We 
observed the same pattern of little change 
in overall effect with multivariate adjust- 
ment for completed stroke, including those 
of ischemic origin (Table 3). 

In this 20-year follow-up study of 
middle-aged men from the Framingham 
Study, we observed an inverse ass&a- 
tion between fruit and vegetable intake 
and the development of stroke. For each 
~~m~ao@%~ servings. per. day, 

ecreaseintbenskof 
all stroke. We observed sin&r reaulte’ 
for both ischemic and hemorrhagic 
stroke, although the CIs were wide for 
hemorrhagic stroke because of the small 
number of events. The findings were 
not substantially altered by’adjustment 
for several covariates, including blood 
pressure, serum cholesterol level, other 
cardiovascular risk factors, and intake 
of total energy, ethanol, and fat. 

We considered two alternative hypoth- 
eses for a causal association for our find- 
ings.Thefirstisthatanincreaseinhit 
and vegetable intake was associated with 
a decrease in some other harmful dietary 
constituent. The question arises, how- 
ever, as to the identity of that constitu- 
ent. Although increased fat intake may 
be associated with coronary heart dis- 
ease, some human and animal studies of 
dietary fat and stroke suggest aninverse 
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Inferences about hemorrhagic stroke 
were limited by the small number of 
events, but in contrast to the results for 
ischemic stroke, adjustment for multiple 
covariates did moderate the protective 
effect (multivaziate RR, 0.64; 95% CI, 
0.31 to 1.30). None of the difference be- 
tween the age-adjusted and multivari- 
ate RRs for hemorrhagic stroke, how- 
ever, was due to adjustment for systolic 
blood pressure. This reflects the f&t 
that although systolic blood pressure is 
astrongpredictorofhemorrhagicstroke, 
it was not related to fruit and vegetable 
consumption in our data (Table 1). 

We also examined the effect of fruits 
separate f?ctm that of vegetables. The 
meannumberofservingsoffiuitper&y 
was 1.3, and the mean number of veg- 
etable servings w&s 3.3. The multivari- 
ate RR of all stroke for an increment of 
threadaily-&rvings0ffruitwz30.91(95% 
CI, 0.56 to 1.191. For vegetables, the cor- 
responding RR was 0.74 (95% CI, 0.54 to 
1.02~. The numbers of servings of specific 
fruit and vegetable categories were too 
small to assess their individual e&&s. 

The results presented herein concern 
stroke incidence. We also observed a 
reduced risk for stroke mortality, but 
there were only 14 cases of death due to 
stroke. For each increment of three daily 
servings of fruits and vegetables per 
day, the age-adjusted RR was 0.55 (96% 
CI, 029 to 1.05). Adjustment for mul- 

tiple covariates moderated the effect es- 
timate slightly (multivariate RR, 0.62; 
95% CI, 0.30 to 123). 

COMMENT 



Twenty-year follow-up data from 332 men from the Framingham Study, aged 45 through 65 years at base- 
line, demonstrating cumulative incidence of all stroke, including transient ischemic attack, by quintile of fruit 
and vegetable intake, as calculated by age-adjusted Kaplan-Meier analysis. First quinttie is the lowest in- 
take, fifth quintile the highest. Log rank P for trend across quintiles. .Oi . 

Table 3.-Relative Risk of Stroke for Each Increment of Three Servings per Day of Fruits and Vegetables 
as Determined bv Cox Prooortfonai Hazards Anatvais* 

I 
Adtested for 

I 
Aw -1~ All Covartw 

I 1 r I 
95% 95% 

Type of Stroke Relstiva Risk Conftcbnce lntewal Relatlvs Risk Conflckmw Intend 

All. induding transient 
ischemii attack 0.70 0.62-0.98 0.77 0.60-0.98 

Completed 0.74 0.57-0.96 0.75 0.37-l .oo 
lachemic 0.76 0.57-l .oz 0.75 0.55-I .03 
Hemorrhagic 0.49 0.2!50.95 0.64 _ 0.31-I .30 

‘Twenty-year follow-up data from a32 men. aged 45 through # years at baseline, from the Framingham Study. 
tsystolic blood pressure, serum chotesterot. cigarette smoking, glucose intolerance, bcdy mass index, physical 

activky indsx, left ventricular hypertmphy. energy intake, and consumotton of ethanol and fat. 

association.1a~31 Even so, we adjusted 
for fat intake in our multivsriate model 
and observed no change in the overall 
effect estimate. Intake of ethanol may be 
a risk factor only for hemorrhagic, not 
ischemic, stroke,““’ and was not a con- 
founder of the protective effect of tits 
and vegetables in our data. Dietary so- 
dium may confer risk for stroke through 
its association with elevated blood pres- 
sure,% but adjustment for systolic blood 
pressure did not alter our main findings. 
Thus, it is di&ult to implicate compet- 
ing deleterious dietary factors to explain 
our findings. 

smoking, and physical activity-Yifestyle 
variables”-did not alter our results. 

A second possibility may be termed a 
healthy lifestyle bias. In this scenario, 
people who eat more fruits and vegetables 
have other healthy habits that protect 
them from developing a stroke. This type 
of bias, a potential problem in many ob- 
servational studies of diet and disease,” 
is difEcult to exclude. However, adjust- 
ment for body mass index, cigarette 

Ifintake of &uit.s and vegetables truly 
protects against the risk of stroke, what 
is the mechanism? One possibility con- 
cerns blood pressure, a major determi- 
nant of stroke risk.’ Previous studies have 
shown that a vegetarian diet is associ- 
atedwithlowerbloodp,~ and some 
studies have indicated that dietary fiber, 
a constituent of many fruits and veg- 
etables, may also lower blood pre~sure.~ 
In our study, althoughsystolic blood pres- 
sure was a strong predictor of stroke in- 
cidence, it was not related to intake of 
hits and vegetables (Table 1). Thus, the 
addition of systolic blood pressure to the 
multivariate model did not alter the RR 
estimates. This kiing argues against the 
intermediate role of blood pressure, but 
thesedataarelimitedbythefactthat 
only a single measurement of blood pres- 
sure wss used. Flirther, in the 8% of sub- 
jecta who were taking antihypertensive 

Oneleadingpossibilitytoexpl&the 
protective effect we olxerved is dietary 
potcafxlium, which is contained in matif- 
&uitsandvegetables.Althoughincreased 
potassium intake may lower blood pres- 
sure,animalstudiesbldlcatethatdietary 
potassiummaydecrease theriskofstroke 
independent of its effects on blood pres- 
sure level” Antioxidant vitamins are an- 
other potential mediator of the beneficial 
effsots of fruits and vegetables. How- 
ever, one of the main beneSts of antioxl- 
dant vitamins is their effect on athero- 
scleroskt, chiefly through reduction of the 
amount of oxidized low-density lipopro- 
tein available to be incorporated into le- 
sionaas This hypothesis may apply more 
to coronary heart disease than to stroke, 
the majority of which is not associated 
with large-vessel atherosclerosis. In our 
data, intake of fruits and vegetables was 
not associated with risk of coronary heart 
disease (data not shown). One other pos- 
sihlybeneficialnutrient containedinfruits 
and vegetables is folate. There have been 
several recent studies relating plasma 
homocysteine levels with risk of stroke 
and coronary heart disesseql* Dietary 
folate is a determinant of plasma homo- 
cysteine level.@ A reduction in stroke 
risk is therefore possiile if fruit and veg- 
etable intake, through provision of sd- 
equate dietary folate, moderates plasma 
homocysteine levels. 

rnourtmalysesthat-theef- 
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medications, mean intake of i?uits and 
vegetables was not different from intake 
in the other !E% of subjects. Therefore, 
aforhypertensionwasnotacon- 
founding factor. 

It is less likely that any beneficial ef- 
fed of i2uit.s and vegetables is mediated 
through el3xts on serum cholesteroL 
First, although dietary soltile Cber may 
lower serum cholesterol concentratoq 
the magnitude of its effect is probably 
smaQs and there is little evidence that 
there are other cholesterol-lowering con- 
stituenta of &u&s and vegetables. Sec- 
ond, smm cholesterol is a relatlvely mi-. 
nor risk factor for stroke. Although se- 
rum cholesterol is a major_determimmt of 
atherosclsrosis, only about 10% of strokes 
are related to large-vessel diseaseH In 
epidemiologic studies, serum cholesterol 
levelisvariablyn?latedtostroke,although 
studiesthatseparatetypesofstroketend 
to demonstrate a direct association with 
ikchemic stroke (and an inverse relation- 
ship with hemorrhagic stxoke).ae Further, 
a recent meta-analysis of cholesterol-low- 
ering trials showed no beneficial effect on 
stroke mortality.39 In our data, adjust- 
ment for serum cholesterol did not alter 
the overall findings, comirming skepti- 
cism of its role in the biological pathway. 
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g-he pmtediop aeorded fnm vegetables, 
however, ape somewhat greater 
w that from hits. We could not draw 
co&lSiOIlS concerning specific varieties 
of vegetables because of the small amount 
ofeachtypeconsumed.Thedatasetin 
me iu the mid 196Os, when the dietary 
assessment for this study was done, con- 
.taj, no information about micronutrients. 
Therefore, we were unable to examine 
&ectlytheeiTectaofdietarysodi~po- 
~um,antioxidau@andfolrrte.Alt3o,the 
data set in use for this study did not sepa- 
rate the food groups into d&tin& catego- 
ries-such as cru&rous vegetables or 
&ru8 fruits-now thought to contain po- 
tentially bene&iaI nutrients. Although 
these considerations hampered our abil- 
ity to examine the biological pathways 
involved, they do not diminish the poten- 
tial recommendations to the public to in- 
crease intake of fruits and vegetables.* 

This study has several attributes that 
lend coniIdence to its results. The f?rst is 
a relatively long follow-up period, allow- 
ing for accrual of a considerable number 
of outcome events. In addition, a detailed 
clinical assessment of each stroke out- 
come was made by a panel of experienced 
neurologist-investigators. Further, wo ob- 
taineddirectinfozmationonalargemnn- 
ber of potentially confounding v&a&s. 
A limitation of our study was that the 
dietary assessment was by means of a 
siugle &hour recall, and thus individu- 
als’ usual intakes were undoubtedly es- 
timated with poor precision. The impli- 
cation of this, however, is that use of a 
more precise assessment method would 
haverevealeda&rongerasso&tion.fUso, 
the dietary assessment was limited to 
middle-aged men, but p@minary data 
from a similar follow-up study in women 
indicate that the protective effect of &uits 
and vegetables may not be sex ~peci.fic.*~ 

In conclusion, intake of fruita and veg- 
etables appears to protect against the 
risk of stroke in meh In this study, the 
association was present for both ischemic 
and hemorrhagic strokes, and the pro- 
tective effect was apparently not medi- 
ated through effects on blood pressure. 
These results provide support to pro- 
grams aimed at widespread increases in 
the consumption of fruits and vegetables. 
If successful, such programs may have 
benefIcialeffectsontheincidenceofstpoke 
as well as other chronic diseases that con- 
stitute the leading causes of morbidity 
and mortality in Western societies.” 

This research was supported by granta CR29 HL 
48236 and ROl NS 179601 and a contract (NO1 HC 
38038) fmm the National Institutes of Health and 
byBarvardMedicalSchooIandtheHqvardCom- 
man&y Health Plan Fopndation Dr Gilhnaa is a 
Merck/Society for Epidemiologic Reae.mch clinical 
Epidemiology Fellow. 
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Fletcher, MD. 
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.- Intake of Potassium, Magnesium, Calcium, and Fiber and 
Risk of Stroke Among US Men 

A. Ascherio, MD, DrPH; E.B. Rimm. ScD; M.A. Hem& MD, MPH; E.L. Giovannucci, MD, ScD; 
I. Kawachi, MD, DrPH; M.J. Stampfer, MD, DrPH; W.C. Willett, MD, DrPH 

Background-Animal experiments and epidemiological studies have suggested that high potassium intake may reduce the 
risk of stroke, but the evidence is inconclusive, and the role of other nutrients in potassium-rich foods remains unknown. 

Methods and Rem&.+-We examined the association of potassium and related nutrients with risk of stroke among 43 738 
US men, 40 to 75 years old, without diagnosed cardiovascular diseases or diabetes, who complete&i semiquantitative 
food frequency questionnaire in 1986. During 8 years of follow-up, 328 strokes (210 isch_emic. 70 hemorrhagic, 48 
unspecified) were documented. The muitivariate relative risk of stroke of any type for tien in the top fifth of potassium 
intake (median intake, 4.3 g/d) v.ersus those in the bottom (median, 2.4 g/d) WAS 0.62 (95% CI, 0.43. 0.88; P for 
trend=0.007). Results for ischemic stroke alone were similar. Intakes of cereal fiber and magnesium. but not of calcium, 
were also inversely associated with risk of total stroke. These inverse associations were all stronger in hypertensive than 
normotensive men and were not materially altered by adjustment for blood pressure levels. Use of potassium 
supplements was also inversely related to risk of stroke. particularly among men taking diuretics (relative risk, 0.36; 
95% CI, 0.18, 0.72). 

Conclusions- Although these data do not prove a causal relationship, they are consistent with the hypothesis that diets rich 
in potassium. magnesium. and cereal fiber reduce the risk of stroke. particularly among hypertensive men. Potassium 
supplements may also be beneficial. but because of potential risks, use shouIi7 be carefully monitored and restricted to 
men taking potassium-losing diuretics. (Circdution. 1998;98:1198-1204.) 

Key Words: stroke n potassium n magnesium w epidemiology w diet 

A role for potassium in determining risk of stroke is 
suggested by epidemiological studies’-’ and animal 

experiments.’ A beneficiril effect of potassium intake could be 
due to its hypotensive effect” but this is small. and neither in 
rat? nor in humans’.’ could it explain the reduced risk of 
stroke. Other mechanisms that have been suggested include 
inhibition of free radical formation.g vascular smooth muscle 
proliferation? and arterial thrombosis.‘” 

However, the overall evidence is unconvincing. Small size 
and inadequate dietary assessment are among the limitations 
of the previous epidemiological studies, because diet based 
on a single 24-hour recall was used to predict stroke incidence 
over a 12-,’ 16-,2 or 20-year period.’ This dietary assessment 
reduces the ability to adjust for consumption of other foods or 
nutrients that may explain the inverse associations repotted.” 
To overcome this limitation, we addressed the hypothesis that 
high potassium intake reduces the risk of suoke in a large 
cohort of men who completed a detailed and validated 
semiquantitative food frequency questionnaire at baseline and 
were followed up for 8 years. in addition. we examined the 
associations between risk .of stroke and intakes of dietary 

fiber, magnesium, and calcium. which are correlated with 
intake of potassium and may be related to risk of stroke. 

Population 
Methods 

The Health Professionals Follow-up Study began in 1986, when 
51 529 health professionals 40 to 75 years old” completed a 
131-item food-fzequcncy questionnaire aod provided iafonWi~ 
about medical history and lifestyle. Follow-up questionnaires we= 
sent every 2 years to update information on potential risk factors and - 
co identify newly diagnosed cases of stroke and other diseases. We 
excluded from analysis 1595 men who did not satisfy the B priori 
criteria of daily caloric intake between 800 and 4200 kcal and C70 
blanks out of 131 total listed food items. In addition. WC CXClU~ 
men with prior diagnosis of myocardial infarction, angina, CO- 
artery surgery, stroke, transient ischemic attack. peripheral art&al 
disease. or diabetes. We followed up the 43 738 eligible men for 
stroke incidence during the subsequent 8 years. The average n- 
sponse rate for the ‘L-year follow-up cycles was >94%. NomWd- 
ing participants not matched to the Nationtd Death hdeX Were 
assumed to be alive. 

Assessment of Diet and Other Exposure Variably 
The 1986 questionnaire asked about average frequency of in@ke 
during the previous year of specified portions of 131 foods a& use 
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of vitamin and mineral supplements. Nutrient calculations took into 
account the specific brand of breakfast cereal and multivitamins 
reported by each subject. We also asked about use of specific 
supplements of potassium and magnesium. (apart from multivita- 
mins). We assumed the amount of potassium in these specific 
supplehents to be 1 g/d and that of magnesium 0.3 dd. because 
details on doses were not asked in the questionnaire. We assessed the 
validity of the questionnaire in a random sample of 127 men who 
completed two i-week diet records.” The correlations between the 2 
assessments of intake, energy-adjusted and corrected for within- 
person variation in the diet re&ds~ were 0.65 for potassium. 0.64 for 
dietary fiber, 0.66 for magnesium, and 0.53 for calcium. In addition 
to diet, in 1986, participants were asked to report their usual systolic 
and diastolic blood pressure and whether or not they had physician- 
diagnosed hypertension. The validity of these variables has been 
documented previously.” 

Cases 
End points were fatal and nonfatal strokes occting between the 
return of the baseline questionnaire and Januaty 31, 1994. Partici- 
pants reporting an incident stroke on a follow-up questionnaire were 
asked for permission to review medical records. Strokes were 
confirmed if characterized by a typical neurological defect of sudden 
or rapid onset. lasting 224 hours and attributable to a cerebrovas- 
cular event. Srrokes caused by infection or neoplasia were excluded. 
Reviews were conducted by physicians with no knowledge of the 
subjects’ risk factor status. Strokes were subclassified according to 
the criteria of the National Survey of Stroke as due to ischemia 
(embolism or thrombosis), subarachnoid hemorrhage. intracerebral 
hemorrhage, or unknown cause. ” If no records could be obtained, 
strokes were considered probable if they required hospitalization and 
were corroborated by additional information provided by letter. 
or interview. 

Deaths were reported by next of kin, coworkers, postal authorities. 
or the National Death Index. Fatal strokes were confirmed by 
medical records or autopsy reports or were considered probable if 
these were not obtainable and stroke was listed as the underlying 
cause on the death certificate. 

Statistical Analysis 
Participants contributed follow-up time from the return of the 1986 
questionnaire up to the occurrence of a confumed stroke. death, or 
January 3 I, 1994. The occurrence of nonfatal cardiovascular events. 
such as myocardial infarction or coronary surgery, was not a reason 
for censoring. Intakes of potassium and other nutrients were energy- 
adjusted to 2000 kcaUd. I6 Relative risks (RR) were calculated by 
dividing the incidence of suoke among men in each m of 
energy-adjusted potassium intake at baseline by the incidence among 
men in the lowest fifth of intake. Similar calculations were done for 
the other nutrients. We adjusted RRs for age (S-year categories)” and 
used the Mantel extension test’* to test for linear trends. To adjust for 
other risk factors, we used pooled logistic regression with 2-year 
intervals. When the probability of an event within an interval is 
small, this method is equivalent to a Cox proportional-hazards 
analysis.” Multivariate models included as covariates calendar time 
(2-year intervals), total energy intake (continuous variable), smoking 
(current, past, and 1 to 14. 15 to 24. and ~25 cigarettes/d), alcohol 
consumption (<5. 5 to 9, 10 to 14. 15 to 29, and Z30 g/d), history 
of hypertension, history of hypercholesterolemia. parental history of 
myocardial infarction before age 65 years. profession, and quintiles 
of body mass index and physical activity. In these models, we 
evaluated monotonic trends by using Ihe median value of each 
category and modeling this a~ a continuous variable. All P values are 
2-sided. Covariates were not updated during the follow-up. 

Results 
During 323 394 person-years of follow-up, we documented 
328 cases of cerebrovascular accidents (50 fatal), including 
210 ischemic, 70 hemorrhagic, and 48 unclassified strokes. 

TABLE 1. Age-Standardized Relation of intake of Potassium to 
Selected Variables ‘at Baseline 

Q&tile of Energy-Adjusted 
Potassium Intake 

Mean potassium intake, g/d 

Use of potassium supplements, % 

Currently smoking, % 

Mean alcohol consumption, g/d 

History at baseline of 

tiyp8rt8llSiOll, % 

High CholeSterol, % 

Mean systolic blood pressure" 

Mean diastolic blood pressure’ 

Mean physical acti@, METtiwk 

Use of aspirin, % 

Mean daily intake of 

Total fat, % of energy 

Saturated fat, % of energy 

Protein, S/d 

Cholesterol, mg/d 

Dietary fiber, g/d 

Magnesium, mg/d 

Sodium, g/d 

Calcium, g/d 

Vitamin C, mg/d 

Vitamin E, NJ/d 

Carotene, IU/d 

Folic acid, fig/d 

Servings/d, mean 

Fish 

Vegetables 

Fruit 

Cereal products 

Red meat 

Chicken 

Low-fat dairy 

2.5 

6.5 

13.5 

15.2 

1 5 

4.5 

29.2 
7.6 

8.6 

*.-- 

16.5 
9.0 

131 
82’ 
15.3 

25 

24.6 

12.6 

129 

81 

25.6 

28 

34.4 

12.0 

81 

303 

15 

277 

3.0 

0.7 

295 

68 

5976 

364 

0.27 

2.3 

1.4 

3.2 

1.2 

0.3 

0.4 

High-fat dairy 1.4 

28.1 

9.4 

96 

279 

26 

432 

3.0 

1.1 

617 

147 

15677 

615 

0.52 

5.2 

3.7 

3.2 

0.7 

0.4 

1.6 

1.0 

‘Based on 38 726 men, including men with history of hypertension, who 
reported their systolic and diastolic blood pressure at bSS8lin8. 

Men in the top fifth of potassium intake (including potassium 
from supplements) were less likely to smoke, were more _ 
physically active, and consumed less alcohol, less fat, more 
profein, and more micronuttients than men in the bottom fifkh 
(Table 1). Similar relations were found for magnesium, fiber, 
and calcium (data not shown). The age-adjusted RR of total 
stroke for men in the top fifth of potassium intake compared 
with those in the bottom fti was 0.59 (Table 2). This RR 
was slightly attenuated by adjustment for nondietary risk 
factors (RR=O.62) and by further adjustment for intakes of 
magnesium and dietary fiber (RR=O.69). The corresponding 
associations with ischemic stroke were similar. whereas no 
significant associations were observed for hemorrhagic stroke 
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TABLE 2. RR of Stroke According to Intake of Potassium, Total Fiber, Magnesium, and Calcium Adjusted by Energy 

Quinttle 

Variable 
x for 

1 2 3 4 5 Trend P 

2.4 3.0 - 3.3 3.6 4.3 

67605 67003 65826 63708 59253 

Potassium 

Medtarrintake,g/d 

Person-years 

Totalstroke 

No. of cases 

Age-adjusted 

Multivariate* l 

Further adjusted for fiber and 
magnesium intake 

Total fiber 

Median intake, g/d 

Person-years 

Total stroke 

No. of cases 

Age-adjusted 

Multivariate' 

Further adjusted for fiber and 
magnesium intake 

Magnesium 

Median intake, mg/d 

Person-year5 

Total stroke 

No. of cases 

Age-adjusted 

Multivariate' 

Further adjusted for potassium 
and fiber intake 

Calcium 

Median intake, g/d 

Person-years 

Total stroke 

No. of cases 

Age-adjusted 

Muttivariata' 

Further adjusted for potassium 

76 65 62 64 

1.0 0.80 0.71 0.68 

1.0 0.85(0.61,1.18) 0.76 (0.551.10) 0.76(0.54,1.07) 

1.0 0.86(0.61,1.23) 0.82(0.56,1.20) 0.83(0.56,1.24) 

61 

0.59 

0.62 (0.43,0.88) 

0.69(0.45,1.07) 
,- 

12.4 16.6 19.7 23.0 

67534 65 935 65299 63636 

.a 
26.9 

60990 

81 66 68 54 59 

1.0 0.77 0.75 0.53 0.57 

1.0 0.85(0.61, 1.19) 0.85 (0.61,1.19) 0.65 (0.45,0.93) 0.70(0.46,1.00) 

7.0 0.87(0.62,1.22) 0.69 (0.63.1.27) 0.71 (0.48,1.07) 0.86 (0.55, 1.32) 

243 298 337 376 452 

66457 66 088 64991 63500 62359 

74 79 58 65 52 

1.0 1.03 0.73 0.79 0.62 

1.0 1.09(0.79,1.50) 0.81 (0.57,1.15) O.gO(O.64, 1.26) 0.70(0.49, 1.01) 

1.0 1.23 (0.87, 1.74) 0.98(0.66,1.45) 1.15 (0.76, 1.73) 0.92(0.58,1.46) 

0.5 0.; 0.8 1.0 1.4 

64728 65534 64596 64425 64112 

75 69 51 63 70 

1.0 0.89 0.64 0.78 0.78 

1.0 0.95(0.68, 1.32) 0.72(0.50,1.03) 0.84(0.60,1.19) 0.88(0.63,1.23) 

1.0 0.99 (0.71,1.39) 0.78(0.54, 1.13) 0.94(0.66,1.35) 1.05(0.72, 1.53) 

-2.91 0.004 
-2.69 0.007 

-1.58 0:110 

-3.87 <O.OOl 

-2.20 0.028 

-0.89 0.370 

-3.15 

-2.21 

-0.48 

-1.66 

0.002 

0.027 

0.630 

0.190 

and fiber intake 

'Model includes age (5-year categories), total energy intake (continuous variable), smoking (current, past, and f-14, 15-24, and ~25 c@et@s/d), ak~ohof 
COnSUmptiOn (<5, 5-9, 10-14, 15-29, ~30 g/d), history of hypertension,history of hyperchofesteroiemia, parental history of myoca&f tnfarction before age 65 
years, pmfession. and quintfles of body mass index and physical activity. 

(data not shown). Further adjustment for intakes of total fat, 
protein, saturated fat., vitamin C, vitamin E. carotene, or folic. 
acid did not materially change the association between 
potassium intake and risk of total stroke, nor did adjustment 
for baseline systolic and diastolic blood pressure or addition 
to the model of an interaction term between age and 
hypertension. 

Intakes of dietary fiber and magnesium were both inversely 
associated with risk of total stroke in age-adjusted analyses 
(Table 2). These associations were only moderately attenu- 
ated by adjustment for nondietary risk factors, but they were 

substantially weakened in regression models that sixd~- 
neously included potassium, magnesium, and dietary fiber 
because of the positive correlations between intakes of these 
nutrients (Pearson correlation coefficients were 0.65 for 
magnesium and potassium, 0.62 for magnesium and fiber1 
and 0.58 for potassium and fiber). 

Neither calcium nor sodium intake (data not shown) was 
significantly associated with risk of total, ischemic. or hem- 
orrhagic stroke. Sodium intake was also unrelated to intake of 
potassium (Pearson correlation = -0.02) and was not ana- 
lyzed further. Because in a previous investigation an inverse 
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association was reported between calcium from dairy sources 
and risk of stroke,” we examined this relationship in our 
cohort. The multivariate risk for the top compared with the 
bottom quintile of dairy calcium intake was 0.83 (95% CL 
0.59, 1.17) for total (Table 2), 0.90 (95% CI, 0.59, 1.37) for 
ischemic, and 0.73 (95% CI, 0.36, 1.51) for hemorrhagic 
stroke; the lowest incidence of each outcome was observed in 
the middle quintile of intake. Also, we examined whether the 
risk of stroke was lower among men who reported using 
calcium supplements at baseline. The RR for men who took 
~400 mg/d of supplemental calcium compared with nonusers 
was 0.88 for total stroke (95% CI, 0.60, 1.27) and 0.83 for 
ischemic stroke (95% CI, 0.52; 1.34). 

When intakes of dietary fiber from different sources were 
considered separately, only cereal fiber was inversely asso- 
ciated with risk of stroke. This association remained after 
adjustment for potassium, magnesium, and fiber from other 
sources; both potassium and cereal fiber intake appeared to be 
independently inversely associated with risk of total stroke 
(Figure 1). Intakes of fruits, vegetables, and cereal products 
were each inversely associated with risk of total stroke, but 
none of these associations were significant. The multivariate 
RR for an increase of 1 serving per day was 0.96 (95% CL 
0.89, 1.03; P for trend=0.26) for fruits, 0.96 (95% CL 0.91, 
1.02; P for tread=0.18) for vegetables. and 0.94 (95% CL 
0.87, 1.02; P for trend=O. 11) for cereal. Results for ischemic 
stroke were similar. 

We further examined separately the associations of potas- 
sium and magnesium from supplements with risk of stroke. 
Neither use of potassium supplements (RR=O.78; 95% CL 
0.69 to 1.22) aor use of magnesium supplements (RR=O.85; 
95% CI, 0.55 to 1.32) was associated with risk of total or 
ischemic stroke in analyses adjusted for age only, but use of 
potassium supplements became strongly inversely associated 
after adjustment for history of hypertension (RRzO.55; 95% 
CI. 0.35 to 0.86). History of hypertension was a strong 
independent risk factor for strokefRR=2.8; 95% CI, 2.1,3.7) 
and was associated with use of potassium supplements (46% 

1. RR of stroke by intake of potassium and 
cereal fiber. 

Fiber 
(Dcellur) 

of the 1248 supplement users were hyperteasives, compared 
with 19% of nonusers). The inverse association between use 
of potassium supplements and risk of stroke in multivariate 
analyses was independent of dietary intakes of nutrients, 
including potassium, magnesium and fiber, and was stronger 
among men with low dietary intake of potassium, magne- 
sium, and cereal fiber. The RR comparing the top with the 
bottom quintile of potassium intake was 0.39 in the lowest 
tertile of a dietary score, including the 3 nutrients, 0.57 in the 
middle, and 0.86 in the highest tertile. To further test the 
hypothesis that use of potassium supplements reduces the risk 
of stroke, we compared men who reported using supplements 
both in 1986 and 1988 with men who never used supple- 
ments. During the 6 remaining years of follow-up, the 
multivariate RR of total stroke among supplement users was 
0.3 1 (95% CI, 0.12.0.85: P=O.O2); the risk of stroke was also 
reduced among men who reported using potassium supple- 
ments only ia 1986 (0.46: 95% CI, 0.22, 0.98; P=O.OS) but 
not among men who started takiag supplements in 1988 
(1.07; 95% CI, 0.55, 2.11). 

Because of the importance of hypertension as a risk factor 
for stroke, we conducted analyses stratified by history of 
hypertension at baseline. Inverse associations between nutri- 
ent intakes and risk of stroke were observed only among 
hypertensive men (Figures 2 and 3). In analyses restricted to 
men taking diuretics at baseline. alone or in combination with 
other antihypertensive drugs, the RR of stroke for users of 
potassium supplements compared with nonusers was 0.36 
(95% CI, 0.18, 0.72; P=O.O04). Both fiber and cereal fiber 
were significantly inversely associated with risk of stroke 
among hypertensive (RRs for a 10-g increase in intake were 
0.59 and 0.33, respectively) but not among. normotensive 
(RRs were 0.88 for both) men. 

Discussion 
In this large prospective studv, we found that men with diets 
higher in potassium, cereal fiber, and magnesium had a 
substantially reduced risk of stroke. These inverse associa- 
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Figure 2 Multivariate RR of total stroke according 
to intake of dietwtassium and magnesium. 
Top, Men without history of hypertension: bottom, 
men with history of hypertension. 

Quintiles of Intake 
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tions were only partly explained by nondietary risk factors proposed include the inhibition of free radical formation, 
but were strong and ‘significant only among men with vascular smooth muscle proliferation, and arterial thrombo- 
diagnosed hypertension. No significant associations were sis.” However, these effects were produced by experimental 
found between intakes of sodium and calcium and risk of increases in serum potassium concentrations in animals, and 
stroke. 

. * A protective EtffPlr.t e on risk of stroke 
would be consistent with the reduced risk that we observed 
among. hypertensive men takinz notassmm su mplements in 

-fhe present study and with the findings of a previous. 
epidemiological ii hvestigation’ and experiments with hyper- 

- tensive rats.‘~‘ In a separate cohort among Japanese men in 
C’Hawaii, potassium intake was inversely related to risk of fatal 

thromboembolic stroke (RR for the top versus the bottom 
quintiIe of intake=O.3, P for trend=0.002) but not with risk 
of nonfatal thromboembolic stroke (RR=0.87, P for 
trend=0.12).* The weak association with nonfatal events is 
not inconsistent with a protective effect, which may have 
been diluted by error in the single 24-hour recall- based 
dietary assessment. In randomized trials, high potassium 
intake ha8 caused modest reduction in blood pressure, espe- 
cially among hypertensive subjects6*’ This effect, however, is 
small and could only partially explain the strong inverse 
association observed in this study. In addition, adjustment for 
baseline blood pressure levels had little effect on the esti- 
mated RRs relating potassium intake to stroke incidence, and 
potassium intake was not a significant predictor of risk of 
hypertension within this cohort.” Alternative mechanisms 

their relevance to humans is uncertain. High potassium intake 
may increase serum concentrations. muticularlv when intake 
is low or sodium intake is hi~h.~ and could therefore reduce 

Y , 

the nsk of hypokalenua among men at high risk because of 
diuretic treatment. Diuretic-induced hypokalemia may in- 
crease the risk of ventricular dysrhythmia.uul Although no, 
increased mortality from cardiovascular disease or other 
CauSes was found among men with low serum potassium in 2 
previous 8tudies,Z*26 neither was large enough to detect a 
specific association between serum potasSium and risk of 
stroke, 

Intakes of magnesium and fiber were also inversely aSso- 
ciated with risk of stroke, but their correlation with intake Of 
potassium and measurement errors reduced the ability of 
multivariate analyses to discriminate between them. This 
difficulty is compounded by the fact that some previous 
epidemiological evidence and biological plausibility can be 
invoked for a beneficial effect of any of these nutrients, 
although only potassium has been shown to directly reduce 
risk of stroke in animal models. in a cross-sectional Study, 
magnesium intake has been found to be inversely a8SoCia@d 
with carotid artery thickness in women but not in men.n Also, 
there are reports that magnesium deficiency increases Suscep- 
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Figure 3. Multivariate RR of total stro~accorciing 
to intake of potassium and m?Lgnesium supple- 
ments. Top, Men without history of hypertension; 
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;’ tibility of lipoproteins to peroxidation in ratsZ8 Conversely, $j 
i. magnesium supplementation failed to reduce blood pressure 
Ti in randomized trials among normotensive subjects,7zg and 
.$ high-magnesium diets have been reported to increase rather 
,?? than decrease the risk of stroke in hypertensive rats.” ln a 
& 8 randomized trial in China, a multiple vitamin/mineral supple- 

creasing lesion size but increasing lesion number,3g whereas 
in rabbits it prolonged clotting time and reduced the severity 
of at.herosclerosis.4o The relevance of these observations to 
humans, however, remains to be established. 
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$i ment containing 200 mg of magnesium reduced the risk of 
3; stroke among men, but this effect may have been due to 1 of 
$Z the several other micronutrients included in the supplement?l 
$ Intake of fiber, particularly cereal fiber, has been shown to be 
p inversely related to risk of coronary heart disease in most 
g prospective investigations. 3244 These results strongly suggest 
5. ‘;’ that high fiber intake inhibits the development of atheroscle- 
s rosis or thrombosis and indirectly support a preventive effect 
<:- of fiber on risk of ischemic stroke, Mechanisms for these . 
$ beneficial effects, however, remain largely elusive.33 
i. The lack of association between sodium intake and risk of 
6, stroke in our study may be due to the difficulty in measuring i*: 
t sodium intake accurately and to the scarcity of men with low 
‘& or very high intake and does not in itself contradict the 
2’ hypothesis that substantial reductions in intake decrease 
$;, risk.3”* Although measurement error also may have affected 

-. -uwruulvu, -though these data do not prove a causal 
r+finmch;n they provide strong support for a preventive 

rich in potassium, magnesium, and cereal fiber 
_ JIYUVuUIYy, . 

effect of diets 
on stroke, particularly among men with high blood pressure. 

Increased intake of potassium alone mav decrease the risk of 
stroke. snc mive8 [ perhaps potassium supplements for hy 
should be more broadly considered, However, evidence is 
inadequate to support an indiscriminate use of potassium 
supplements, wtuch can be &imuuP Kather, potassium 

-ijva~e snoma be increased bv substitutme tnuts, vegetables, 

lsso- 
se of 
.y of 
This 
rrious 
m be 
ient% 
:dW 

._--- ___---_ -- ---_~~ ~, 
* and their natural juices tor low-potassium processed foods 
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